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1. Overview of QCD at NNLL



Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:
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Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:

Three-loop Regge trajectory
[1] 2111.10664 Falcioni, Gardi, Maher, Milloy and Vernazza — Regge-cut scheme
[2] 2111.14265 Del Duca, Marzucca, Verbeek — 3-loop trajectory in planar N = 4 SYM (RCS)

[3] 2112.11097, 2207.03503 Caola, Chakraborty, Gambuti, von Manteuffel and Tancredi — 3-loop trajectory in
QCD (RCS), gg qg and gg universality



Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:
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Two-loop Lipatov vertex
[4] 1812.04586 Abreu, Dormans, Cordero Ita and Page - analytic planar two-loop five-gluon amplitudes in QCD



Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:
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Interference of one-loop Lipatov vertex

[5] Nucl.Phys.B 406 (1993) Fadin, Lipatov

[6] Phys.Rev.D 50 (1994) Fadin, Fiore, Quartarolo

[7]1 2302.098 Fadin, Fucilla, Papa - one-loop Lipatov vertex in QCD to €2



Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:
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One-loop two-parton central emission vertices

[8] 2204.12459 EB, Del Duca, Dixon, Gardi — two-gluon vertex in N = 4 SYM
Full QCD nearing completion, with Giuseppe De Laurentis

[9] 1904.04067 De Laurentis, Maitre — analytic amplitudes from numerical sampling



Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:
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Tree-level three-parton central emission vertices

[10] 9909464 Del Duca, Frizzo, Maltoni — MHV case

[11] 0411185 Antoniv, Lipatov, Kuraev — all helicities via effective action
[12] New Techniques in QCD (2005) Duhr — all helicities via MHV rules



Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:
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To compute jet cross sections, we also need the following building blocks for the impact factors:
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Overview of the BFKL kernel at NNLL

The problem of extending the BFKL approach to NNLL accuracy has been standing for a long time. There has
been much recent progress in obtaining the building blocks of the kernel:
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One-loop two-parton peripheral-emission vertices
[13] 2103.16593 Canay, Del Duca - pure gluon case



2. Review of one-loop q g = q g in the Regge limit



Colour-structure of g g — q g at one loop
We begin with the DDM decomposition [14] for the one-loop q g = q g amplitude:
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[14] hep-th/0501052 Del Duca, Dixon, Maltoni



Colour-structure of g g — q g at one loop
We begin with the DDM decomposition [14] for the one-loop q g = q g amplitude:
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The partial amplitudes A4.3 are given by a sum over primitive amplitudes [15]

Az(;é ? (267 3q5 4, 1) = Af(L ? (2617 3617 4, 1) + Af(l’ Y (2(17 3(17 174)
+ Af(l, 2 (267 4’ 361’ 1) + Af(l, 2 (267 17 3617 4)
+ A7 Y (23,4,1,30) + A7 7 (24,1,4,3,)

[14] hep-th/0501052 Del Duca, Dixon, Maltoni, [15] hep-th/9409393 Bern, Dixon, Kosower



Colour-structure of g g — q g at one loop
We begin with the DDM decomposition [14] for the one-loop q g = q g amplitude:
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The partial amplitudes A4.3 are given by a sum over primitive amplitudes [15]
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The four-particle partial amplitudes 4,43 vanish due to the “tadpole’ and “bubble’ identities, and Furry’s theorem.
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We begin with the DDM decomposition [14] for the one-loop q g = q g amplitude:
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The partial amplitudes A4.3 are given by a sum over primitive amplitudes [15]
AL 7 (24,344, 1) = AT D (24,30,4,1) + AT (24,34, 1,4)
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The four-particle partial amplitudes 4,4.3 vanish due to the “tadpole’ and “bubble’ identities, and Furry’s theorem.

[14] hep-th/0501052 Del Duca, Dixon, Maltoni, [15] hep-th/9409393 Bern, Dixon, Kosower



Colour-structure of g g = q g in the Regge limit

Now we use two facts about the primitive amplitudes in the Regge limit, 51, > —s41:

l. All primitive amplitudes with 4; = 4, and 4, = A3 are power suppressed in this limit.
Il. All primitive amplitudes with a; and a4 not colour-adjacent are power suppressed.

Using these facts, we can write the one-loop amplitude as
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Colour-structure of g g = q g in the Regge limit

Now we use two facts about the primitive amplitudes in the Regge limit, 51, > —s41:

l. All primitive amplitudes with 4; = 4, and 4, = A3 are power suppressed in this limit.
Il. All primitive amplitudes with a; and a4 not colour-adjacent are power suppressed.

Using these facts, we can write the one-loop amplitude as
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It is natural to consider amplitudes of definite signature in the, s41 channel:
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The colour structure of the signature-odd part of the amplitude is particularly simple:
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Kinematics of g g = g g in the Regge limit

Four-parton amplitudes are all (anti-)MHV so it is useful to normalise the one-loop amplitudes by the tree-level amplitude:

1 TQ+el(1—e)?
(47)2—e I'(1 — 2¢)

A ™1, ) = g% e AL, n) al ™ (1L, ), o=



Kinematics of g g = g g in the Regge limit

Four-parton amplitudes are all (anti-)MHV so it is useful to normalise the one-loop amplitudes by the tree-level amplitude:
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We now use two more facts about primitive amplitudes in the Regge limit:
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IV. The real part of the one-loop corrections (a,, ’) are symmetric under p,”* < pfl

For the real part of the amplitude (which is the part relevant for the NNLL contribution to the cross section) we find
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Re [Afﬁ ™ (9 3 4, 1)} 50



Kinematics of g g = g g in the Regge limit

Four-parton amplitudes are all (anti-)MHV so it is useful to normalise the one-loop amplitudes by the tree-level amplitude:

1 T(1+eT(1—e)?
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We now use two more facts about primitive amplitudes in the Regge limit:

. . -1 A
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lIl. The leading tree-level partial amplitudes (A%0
(1
n

IV. The real part of the one-loop corrections (a,, ’) are symmetric under p,”* < pfl

For the real part of the amplitude (which is the part relevant for the NNLL contribution to the cross section) we find

Re [Aff’ mI=-l9 3, 4, 1)} S g er AY(2,3,4,1) Re [aff’ ™ (2,3, 4, 1)}

Re [Afﬁ ™ (9 3 4, 1)} 50

In this talk, we limit our discussion to the real part of the amplitude.

Our remaining task is to analyse the real part of the one-loop primitive amplitudes.



Aside: Regge limit of one-loop four-gluon amplitudes in N = 4

One-loop amplitudes in N = 4, [16]
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Primitive amplitudes in the Regge limit: Gluon in the loop

Following ref. [15], we use a supersymmetric organisation of 0 = g q g g primitive amplitudes

Afll, NZlV) — Ai’(lv g) _|_Af(1a g) _I_Ai’(L f) _|_Af(1a f)

[15] hep-th/9409393 Bern, Dixon, Kosower
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Primitive amplitudes in the Regge limit: Gluon in the loop

Following ref. [15], we use a supersymmetric organisation of 0 = g q g g primitive amplitudes
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Primitive amplitudes in the Regge limit: Fermion in the loop
The primitive amplitudes with an internal fermion loop are slightly more subtle. The amplitudes themselves are zero [15]:

ai(l’ NZlX)(2677 3q74, 1) — ai(l, ! (2573(1747 1) — a’éll/(l’ ) (25’ 3q747 1) =0
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Lf

L(1, 1,
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>

Finally, through the SUSY decomposition, we see that in the Regge limit, the R(1, g) amplitudes only contributes to the
quark-emission vertex:

R(1, 1, N=1 L(1, L(1, R(1, R(1,
a4( 9) :agl v) —a4( 9) —a4( o a4( 9) Regge; qu(g* g)(p%p&q)

Ryg
R(1, 1, N=1 L(1, L(1,
"'@—) C(jq(g* 2 (p27p37 q) — ngqg* V)(p27p37 Q) - C(jq(g* 9) <p27p37 Q) - C(jq(g* Z (p27p37 Q)

*

[15] hep-th/9409393 Bern, Dixon, Kosower



Primitive amplitudes in the Regge limit: Fermion in the loop
The primitive amplitudes with an internal fermion loop are slightly more subtle. The amplitudes themselves are zero [15]:
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Ryg
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*

This makes intuitive sense if we consider the diagrams contributing to R(1, 9): = { E + .. }

[15] hep-th/9409393 Bern, Dixon, Kosower



Colour-dressed amplitude for g g — q g in the Regge limit
We can now combine our study of the colour structure and primitive amplitudes of gg = qg at one loop.

Recall our result for the signature odd amplitude:

1 B _
T Af(l, 9)[—] (2(7,3(1’4, 1) + ny Ai/(la q)[—] (2673‘1’4’ 1) } .

A( ] (QQ7q3ag4agl) 4Td Fd {NC Ai(l’ 9)l-] (25,3(1, 1,4) — N

12137 a40a3



Colour-dressed amplitude for g g — q g in the Regge limit
We can now combine our study of the colour structure and primitive amplitudes of gg = qg at one loop.

Recall our result for the signature odd amplitude:

1 _ _
A ARG 9 9.3 4 1) 4 nyp AKD 9 ](25,3@4,1)}.

12137 a4ai

A( -] (QQ7q3ag4agl) 4Td Fd {Nc Ai(l’ 9l (2@73617174) —
Inserting the factorised form of the real part of the primitive amplitudes, we obtain

1
[A( -] ((J2,C]3794791)} [ T, ol (pz,ps,q)} X = X [ Fd, oo (p4,p1,—Q)}

l R
X cr 92{ (N cqq(g )(p s P3; Q) N qq(g1 )(p27p37Q)+nf qu(g1 )(p27p37Q))

+ N, ?“é}f 9) (t; 812)

+ (Nc ng’gg) (P4, p1,—q) +ng CéggQ) (P4, p1, —Q)) }



Colour-dressed amplitude for g g — q g in the Regge limit
We can now combine our study of the colour structure and primitive amplitudes of gg = qg at one loop.

Recall our result for the signature odd amplitude:

_ 1
A( -] (QQ7q3ag4agl) 4Td Fd {Nc Ai(l’ 9l (2(173q7 174) —

12137 a4ai

Ne¢

Inserting the factorised form of the real part of the primitive amplitudes, we obtain

1
|:'/4( )[ (Q27QS794791)} |: Tzizgccgq; (p27p37Q):| >< ? >< |: a,4alcég)g (p47p17_Q):|

1 g
X cr 92{ (N cqq(g, g)(p s P3; Q) N, qu(g1 )(p27p37Q) +nf qu(g’ q)(p27p37Q))

+ N, Té}f g)(t; 812)
+ (N, Dy —q) +ny b I —q)
c Cggg* \P4,P1, —4q f Cggg* \P4,P1, —q

Our treatment of the primitive amplitudes correctly reproduces the correct ns terms for the gluon and quark vertices,
while correctly generating a 1/N, factor for the quark vertex alone [18-20].

The DDM basis provided a neat (gauge invariant) way of organising these contributions.

[18] Nucl.Phys.B Proc.Suppl. 29 (1992) 93 Fadin, Lipatov; [19] Phys.Lett.B 294 (1992) 286 Fadin, Fiore; [20] hep-ph/9711309 Del Duca, Schmidt

- Af(l, 9)[—] (267’ 3q’4, 1) +ny AAIL/(L a)[—] (2(?7 3q,4, 1) } .
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Colour-dressed amplitude for g g — q g in the Regge limit

To all-orders, at NLL accuracy, the qg = qg amplitude factorises [5]:

. NIRRT
Re [Aél (627Q37g47g1)] — S C(qu* (p27p37Q1) X ; (;) + (_) X ngg* <p27p37Q1)

T

[5] Nucl. Phys. B 406 (1993) Fadin, Lipatov



Colour-dressed amplitude for g g — q g in the Regge limit

To all-orders, at NLL accuracy, the qg = qg amplitude factorises [5]:

. WA ORARTC
Re [Aél (627Q37g4791)i| — S C(qu* (p27p37Q1) X ; <_> + (_) X ngg* (p27p37q1)

T T

Here we use a calligraphic script to denote colour-dressed objects, in analogy with amplitudes. Each building block is
considered to have an all-orders expansion in the coupling, e.g.

Cgqg* (P2, D3, q1) = Céq; (p2,p3,q1) +Céqz, (p2,p3, 1) + O (93)
Cygg+(P2,P3,q1) = Cg(]g)g (p2,p3,Q1)+C§g)g (p2:p3.q1) + O (g3)

[5] Nucl. Phys. B 406 (1993) Fadin, Lipatov



Colour-dressed amplitude for g g — q g in the Regge limit

To all-orders, at NLL accuracy, the qg = qg amplitude factorises [5]:

. WA ORARTC
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At tree-level we have the familiar results
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[5] Nucl. Phys. B 406 (1993) Fadin, Lipatov



Colour-dressed amplitude for g g — q g in the Regge limit

To all-orders, at NLL accuracy, the qg = qg amplitude factorises [5]:

a(t) a(t)
_ 1 S —8
Re [AL | (62,%,94,91)} — 5 Cgqg= (P2, D3, q1) X [; ((—) + (—) )] X Cggg* (P2, D3, 1)

T T

Here we use a calligraphic script to denote colour-dressed objects, in analogy with amplitudes. Each building block is
considered to have an all-orders expansion in the coupling, e.g.

Caqg* (P2,P3,q1) = qu?q (P2, 3, q1) +Céq?q (p2,p3. 1) + O (g2)
Cygg+(P2,P3,q1) = Cg(]g)g (p2,p3,q1) + Cég)g (p2:p3.q1) + O (g3)

At tree-level we have the familiar results

chq)g (p27p37Q1) Tzciz3c(§q)g (p27p37Q1)7 C;g)g <p27p37Q1> agagcég)g (p27p37Q1>7

and from our analysis of the one-loop amplitude we can extract the colour-dressed vertices

1 Rra, L(1,
Céqé (p2,p3,q1) =cr g ngng(q; (p2,p3,q1) (N cqq(g D (pa2,p3,q1) + . cqq(g* D (p2,p3,q1) — g cqq(g )(pz,pg,ql)) ,

Cly (pa,p3, ) = erg® F, O (pa,ps,q1) (N ctb D (pa,p3, q1) + ng Cég’g”(pz,pe,,ql)) :

[5] Nucl. Phys. B 406 (1993) Fadin, Lipatov



2. Analysis of one-loop q g = q g g in the NMRK limit



Kinematic setup

We consider the physical scattering of massless partons 12 - 3 45.

We use the all-outgoing convention such that ¥?_; p; = 0 with p9,p9 < 0 and p3,p?, p2 > 0.

P2 «— —> D3

q1

2l

P1e<— —> D5
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Kinematic setup

P2 «— —> D3

We consider the physical scattering of massless partons 12 - 3 45. a0
—> D4
QQl
We use the all-outgoing convention such that ¥?_; p; = 0 with p9,p9 < 0 and p3,p?, p2 > 0. pLe— —> D5

We use lightcone coordinates and complex transverse momenta
+ 0 :
pi =p; TP piL =pj +ip; -

We work in a frame with p; = (0,p1;0) and p, = (p5,0; 0). We express the remaining degrees of freedom in terms of the
dimensionless variables:

+ +
X:p—i, Y:p;i, L _P3L
Py Ps P41

In terms of these variables, the forward NMRK limit is given by Y — oo, with fixed X and transverse momenta, while the
MRK limit is given by X, Y — oo with fixed transverse momenta.

Minimal Variables: Gardi, Mo

10



Colour-structure of g g — q g g at one loop

We begin with the DDM decomposition [14] for the one-loop g g = q g g amplitude and perform analogous steps to the
four-parton case. Again, the signature-odd (in the s5; channel) part of the amplitude has a particularly simple colour structure:

Aél)[_] (627(]3794795791) — 95 (_F5dl)

A5L(1’ 9)[—] (2(7) 34,4,5, 1)

121 C1C2

> {(TC2T61)Z2Z3 (Fa4Fd)0162AEI;(1, 9)[-] (2(7’ 3q7 5,1, 4) + (TczTcl)_ . (FdFa4)

4+ (TC2TCL4TC1)_ (Fd)01C2A§(1, 9)[-] (2(774’ 3q7 5, 1) i (TcszTc1>_ (Fa4)01C2A§(17 9)[-] <2(jv47 3q7 5, 1)

1213 1213

+ (TczTa4Tch1> 50102A5R(1’ 9)[—] (2(7’ 3q7 4’ 5, 1) 4 (TCQTdTa4TC1) 56102A?(1, 9)[—] (2@7 3q7 5,1, 4)

527,3 12 13

N 1213 1213
C

+ﬁ[NC(TG4Td)- AP O 903, 14,5,1) + N(T0T),,,, AFY P (24,3,,5,1,4) + to(T Ty, AL 91 (2q,3q;4,5,1)]}

We find that the overall colour structure factorises into an adjoint generator times the one-loop four-point amplitude.

[14] hep-th/0501052 Del Duca, Dixon, Maltoni 11
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We begin with the DDM decomposition [14] for the one-loop g g = q g g amplitude and perform analogous steps to the
four-parton case. Again, the signature-odd (in the s5; channel) part of the amplitude has a particularly simple colour structure:

Aél)[_] (627(]3794795791) — 95 (_F5dl)
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1213 1213

+ (TczTa4Tchl) 50162ABR(L 9)[—] (267’ 3q7 4’ 5, 1) 4 (TchdTa4TC1) 5(:102—’4?(1’ 9)[—] (2(17 3q’ 5,1, 4)

5213 5213

1213 1213

Ne
We find that the overall colour structure factorises into an adjoint generator times the one-loop four-point amplitude.

Furthermore, in the NMRK limit, we find that the tr(TT?)é;; coefficient vanishes, as in the four-point amplitude:

AL P (24,34:4,5,1) —— - AR D o g3 5 1) — A O 9. 3, 4,5, 1) — AL D2 3. 5,1, 4)

[14] hep-th/0501052 Del Duca, Dixon, Maltoni

+ﬁ[NC(Ta4Td)- AP O 903, 14,5,1) + N(T0T),,,, AFY P (24,3,,5,1,4) + to(T Ty, AL 91 (2q,3q;4,5,1)]}
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We find that the overall colour structure factorises into an adjoint generator times the one-loop four-point amplitude.

Furthermore, in the NMRK limit, we find that the tr(TT?)é;; coefficient vanishes, as in the four-point amplitude:

AL P (24,34:4,5,1) —— - AR D o g3 5 1) — A O 9. 3, 4,5, 1) — AL D2 3. 5,1, 4)
| )
|

0 in general kinematics

[14] hep-th/0501052 Del Duca, Dixon, Maltoni

+ﬁ[NC(TG4Td)- AP O 903, 14,5,1) + N(T0T),,,, AFY P (24,3,,5,1,4) + to(T Ty, AL 91 (2q,3q;4,5,1)]}
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Colour-structure of g g — q g g at one loop

We begin with the DDM decomposition [14] for the one-loop g g = q g g amplitude and perform analogous steps to the
four-parton case. Again, the signature-odd (in the s5; channel) part of the amplitude has a particularly simple colour structure:

Aél)[_] (627(]3794795791) — 95 (_F5dl)

AEI)/(L 9)[—] (2(7) 34,4,5, 1)

121 C1C2

> {(TC2T61)Z2Z3 (Fa4Fd)61CQAEI;(1, 9)[-] (2(7’ 3q7 5,1, 4) + (TczTcl)_ . (FdFa4)

+ (TC2TCL4TC1)_ (Fd)qCQAé(l, 9)[-] (2(774’ 3q7 5, 1) i (TcszTc1>_ (Fa4)01C2A§(17 9)[-] <2(jv47 3q7 5, 1)

1213 1213
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1213 1213
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We find that the overall colour structure factorises into an adjoint generator times the one-loop four-point amplitude.

Furthermore, in the NMRK limit, we find that the tr(TT?)é;; coefficient vanishes, as in the four-point amplitude:

AL P (24,34:4,5,1) —— - AR D o g3 5 1) — A O 9. 3, 4,5, 1) — AL D2 3. 5,1, 4)
| Y ] | J

1
0 in general kinematics A5L(1’ 2l (24,34,4,5,1) + Aé(L V] (27:34,0,1,4) NMRK 0.

“Furry’s theorem” for off-shell gluon (ps + p1)

[14] hep-th/0501052 Del Duca, Dixon, Maltoni

+ﬁ[NC(TG4Td)- AP O 903, 14,5,1) + N(T0T),,,, AFY P (24,3,,5,1,4) + to(T Ty, AL 91 (2q,3q;4,5,1)]}
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Simplified colour basis in the NMRK limit

While the DDM decomposition is very useful for organising the kinematic terms, it is overcomplete. We can move to a
basis consisting of the two tree-level colour structures plus one new colour structure:

./4( -] (QQ7Q3ag4ag5agl) — 95 <_ngl)

1

dra L(1, g)[-]
{(T T4) s (N A (24,34,5,1,4) — N

A?(l’ 9)[-] (24,34,5,1,4) + an5L(1a q)[~] (24,34, 5, 1,4))

1 B
+(@n1?),  ( NeAs™ P (24,8,,4,5,1) — — AP 9 (25.8,,4,5,1) +np A7 O (258,451
q>q ]\] 5 g -q q>-q

Aga, [ AEY 920 3,5, 1,4) + AL 9 (g 2.3 5 1)+ AL 9T (2. 43, 5, 1)

1213

+ AR I (20,3,,5,1,4) + AR 9T (42,3, 5,1) + AF O (2(174736]7571)>}
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Simplified colour basis in the NMRK limit

While the DDM decomposition is very useful for organising the kinematic terms, it is overcomplete. We can move to a
basis consisting of the two tree-level colour structures plus one new colour structure:

./4( -] (QQ7Q3ag4ag5agl) — 95 <_F5dl)

1

dra L(1, g)[-]
{(T T4) s (N A (24,34,5,1,4) — N

A?(l’ 9)[-] (24,34,5,1,4) + an5L(1a q)[~] (24,34, 5, 1,4))

1 _
Ta4Td (N AL(1 I 2‘173(]74757 1) o FAE]?(L o (2§aBQ7475 ) +ny AL(L o) (2(?73(]74757 1))

Aga, [ AEY 920 3,5, 1,4) + AL 9 (g 2.3 5 1)+ AL 9T (2. 43, 5, 1)

1213
+ AR I (20,3,,5,1,4) + AR 9T (42,3, 5,1) + AF O (2q7473Q7571)>}

This is analogous to the pure-gluon case where the amplitude can be written in terms of the basis [8]

a as

1
;:@: — dfl41a2a3a4 — E Z tr (Faol oo [Gog Faa4)

aq Qg S4

Lesren, o mmres, avment)

These bases are particularly convenient for demonstrating how the known MRK limit arises from the NMRK limit.

[8] 2204.12459 EB, Del Duca, Dixon, Gardi, Smillie 12



Aside: Regge limit of one-loop five-gluon amplitudes in N = 4

Just as in the four-gluon case, the one- |oop five gluon amplitudes in N = 4,

al" N=(1,2,3,4,5) = —= Z (

—S5; ,2+1 _Sz—|—1 1+2 _51—2,2—1

R S T

).

P2
D1

5 O 5 ¢
O
O (
O Q

pP3

P4
Ps5

13



Aside: Regge limit of one-loop five-gluon amplitudes in N = 4

Just as in the four-gluon case, the one-loop five gluon amplitudes in N =4,

(1, N=4) .+ ‘ _9R Sii41 —85i42,i—2
a5 (17 27 37 4 B Z <_Sz z—|—1) + Z log (_SH—l z—|—2> log <Si2,z’1> 7

admit an exact decomposition into one-loop building blocks, in particular, [17]

Re{ (1, N )<2 3 4 5 1):| élgg )(pg,pg,ql) —|—?“( N= 4)(334,t1) —|—’U(1’ N:4)<t1 S34S45,t2>

)

$345

1, N=4 1, N=4
+rie VY V=

S45, t2) + ngg*

Ps5,DP1, _q2> )
with special function

_ 1 AN = t 1 2\ 2\ T
=4 (5) 5 e (2) () () o)

[17] 0802.2065 Bartels, Lipatov, Sabio Vera
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Aside: Regge limit of one-loop five-gluon amplitudes in N = 4

Just as in the four-gluon case, the one—loop five gluon amplitudes in N =4,

aél’ N:4)(1727374 _ Z ( : ) _ 9R + Zlog ( Si,i+1 ) log <_Si—|—2,i—2> 7
o041

—Si41,i+2 —S8i—2,i—1

admit an exact decomposition into one-loop building blocks, in particular, [17]

Re[ (N )(2 3,4, 5, 1)} éﬁ,g )(P2,p3,ql) +7“(1 N= 4)(334,751) + ot

_ 534S
N=4) <t17 2470 ) t2>
5345
1, :4 17 =4
+T§* )(845, tQ) + Cégg* )(p57p17 _92> )

with special function

1 (p2\° 72 1 t1) 1 [[(p*\" \° T
v (t1,m,t2) 2 (77) T 3 2 08 to + € 1 * t2 o8 U

In terms of this function, we can define the two-gluon peripheral emission vertex:
N =4

+
. 1 1, N=4 1, N=4 — 534P
éggg )(p27p3 P4, G2) = égg )(p27p37Q1) + 7“;* )(5347Q1) + ol M=y, =t to).

(p3 +pi)

*

[17] 0802.2065 Bartels, Lipatov, Sabio Vera
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Aside: Regge limit of one-loop five-gluon amplitudes in N = 4

Just as in the four-gluon case, the one-loop five gluon amplitudes in N =4,

€ D2 —so s D3
(1, N=4) Sii+1 —S8i+2,i—2
a 1,2,3,4,5 :——E ———|—§ lo ( )10 <—>, @ Pa
> ( (_Sz ’L—|—1> & _Sz—|—1 142 8 _Si—2,z’—1 pl O 0 <% p5
admit an exact decomposition into one-loop building blocks, in par’ucular, [17] ||

_ 5348
Re [ (1, N )(2, 3,4, 5, 1)} gﬁ,g )(p2,p3, q1) + ?“(1 N= 4)(334,751) ol N=1) (t1, 3 45,t2) P2 Ps
+

5345
1, :4 17 =4
+T§* )(845, tQ) + Cégg* )(p57p17 _q2> )

with special function é q1
_ 12\ 7 1 t 1 [\ 2\°
e (£) o5 (2) 2 (2 + ()]s _

-'-
n to € [\l t2 n 5
#‘-'V - P4
In terms of this function, we can define the two-gluon peripheral emission vertex: :
+
N: L N=4) L N=4) (1, N=4) (1, N'=4) 8342?1
gggg (p27p3 P4, QQ) ggg (p27p37 Q1) + ,rg* <S347 ql) + v (t17 m7 t2) o q2

We can easily obtain the MRK limit of this vertex, where we recognise the N = 4 one-loop Lipatov vertex [5,6,21]

e N= B s
Célggg* 4)(]?2,]?372747%) —>C(1 * 4)(p2’p3’q1)_|_/r(1 e

1, N=4
MRK 999 )(5 34,4 )+v5(]*gg* )(—Q1>P4,QQ)-

*

: ,N: = .
N4 v T (g1, pag2) = 00 N (g P, pa ) |goi [2) | 151161, 121] 9810215 Del Duca, Schmidt

[17] 0802.2065 Bartels, Lipatov, Sabio Vera 13



N=1 chiral multiplet circulating in the loop

Let us be concrete and consider the scattering g©g® - q®g®g® with momenta p, + p; = p5 + p4 + ps respectively.
The fermion and scalar contributions are simple by the fact there are no IR poles and no large logarithms in the (N)MRK.

L(1, N=1, L(1, N=1, 1, N=1,
Re |:a4( )(2@@73?74@75@7 1@)i| ———C ( )(p27p37p47Q2)+Cégg* )<p57p17 _QQ)a

NMREK q999*
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N=1 chiral multiplet circulating in the loop

Let us be concrete and consider the scattering g©g® - q®g®g® with momenta p, + p; = p5 + p4 + ps respectively.
The fermion and scalar contributions are simple by the fact there are no IR poles and no large logarithms in the (N)MRK.

(1, N=1y)

L(1, N=1, L(1, N=1,
Re |:a4( )(2@@73?74@75@7 1@)i| ——C ( )(p27p37p47Q2)+ngg* (p57p17 _QQ)a

NMREK q999*

We write the 2-parton emission vertices in terms of the single parton emission vertex to make the MRK limit trivial

LN =1,

3% _ _
e+’i L(1, N=1, L(1, N=1, X1+2z—2)—2(z-2) t

%*
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N=1 chiral multiplet circulating in the loop

Let us be concrete and consider the scattering g©g® - q®g®g® with momenta p, + p; = p5 + p4 + ps respectively.
The fermion and scalar contributions are simple by the fact there are no IR poles and no large logarithms in the (N)MRK.

L(1, N=1 L(1, N=1 1, N=1
Re |:a4( X)(2q@7 3(61974@7 5697 1@>i| W C(jq(gg* X)(p23p37p47 Q2)+Cégg* X)(p57p17 _QQ) 3

We write the 2-parton emission vertices in terms of the single parton emission vertex to make the MRK limit trivial

LN =1,

3% _ _
29+’f L, N=1) (. 6 @& & -\ _ L, N=1)) XA+z2-2)-2(2-2), (&
@ 4% C(qug* X (p2 yP3 s P4 7Q2) — cqqg* X (p27p37 QZ)+ 2X‘Z — 1|2 LO g
L(1, N=1 L(1, N=1 1, N=1
cqq(gg* X)(p4,P2,p3,Q2) —>MRK cqq(g* X)(pg,pg,Q2) -I-Ué*gg* X)(—ql,p4,q2),

where we recognise the 1-loop Lipatov vertex in N = 1,

*

§ 1, N=1 1(Jgri)®+ g2 * — 21145, ) lq11|? (142 —2) i
N =1, Q 2 vé*gg* X)(_Q1,P4,Q2) =5 PE Ly —|Q2¢|2 = M 12 Ly ™

%
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Complex scalar circulating in the loop

The structure of amplitudes with a complex scalar circulating in the loop is analogous:

L ]_, S L 15 S
Re [a4( )(2q@,3§9,4@,5@,1@)} chcfgg*)(pz,p&m,@)%

(1, s)

gg9g9*

(p5,p1, —(Jz) ;
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Complex scalar circulating in the loop

The structure of amplitudes with a complex scalar circulating in the loop is analogous:

L(1, L(1, 1,
Re [“4( s)(2q@,32974@’5@’1@)} Fep— Cq—q(ggf)(pa,p:s,m,Qz)+cgggf)(p5,p1,—Qz),

We write the 2-parton emission vertices in terms of the single parton emission vertex to make the MRK limit trivial

L(1, s L(1, s 1X(1—|—Z—2)—Z<5—2) t1
. 3® C(jq(gg* )(pQQapg?apé?7QQ) — C(jq(g* )(p27p37QQ) + 6 X|Z _ 1‘2 LO g
2 — 4D
, - LLAX A APEQ et X + 2|2
) 3 X3(z—1)3(z — 1)2 \ty) 6XA+X)(z—1)z
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Complex scalar circulating in the loop

The structure of amplitudes with a complex scalar circulating in the loop is analogous:

L s L
Re[ (1 )<2@ 3,,4%,5%, 1@)} chq(glg * (2,03, P4, g2)+ gqg (5,1, —42).

We write the 2-parton emission vertices in terms of the single parton emission vertex to make the MRK limit trivial

L(1, s L(1, s 1X(1+Z—2)—Z<Z—2) t1
. 3® C(jq(gg* )(pgapé?ap?ﬂIQ) — C(jq(g* )(p27p37QQ) + 6 X|Z _ 1‘2 0 g
2 @
! _|_1z|X—|—z|2(X(1—|—z—z)—|—|z\2)L ) | X + 2|?
3 X3(z — 1)3(z — 1)2 ts)  6X(1+ X)(z—1)z
L 1) N L 1, S
Cq;gg* (08, 0§, pT ,Q2)-£E§35>6@ég* )2y p3,a2) +viter P (—a1.pa, go)

where we recognise the Lipatov vertex with a circulating complex scalar

|CI1¢|2)
1 |p4¢\2 1 2 * Lo (|Q2¢|2

(1 ) 1 (1 _1x) 2 = 2
v —q1,P4,4 q1,P4,42) — = — — 3PaL"q1 gz (1@ |” + lg2L]” — 2q114
1 (1, N=1) 1 1 lz(z—2+1) 11 |?
B I L
Svg 56 (91, P4, q2) + 62(z—1) + 3 (]z —1[2)3 g 21 |2 )
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Gluon circulating in the loop |

As expected, the L(1, g) piece has large logarithmic terms in the NMRK. We find

Re [aé(l’ 9) (2(17 3q7 47 57 1)i| W Cé/q(glé*g) (p27p37p47 QQ)—FTéi’ 9) (t27 545)+C

(1, g)
gg9g9*

(p5,p1, —Q2) .

16



Gluon circulating in the loop |

As expected, the L(1, g) piece has large logarithmic terms in the NMRK. We find

Re [a5L(l’ 9 (2(17 3q7 47 57 1)i| W Céq(gl‘(;*g) (p27p37p47 Q2)+Téi’ 2 (t27 345)+Célg’g*g) (p57p17 _QZ) .

Ref. [15] writes the L(1, g) amplitudes as the pure-gluon N = 4 amplitude plus the L(1,s) amplitude, plus a remainder.

L 1’ L 17 17
qu(gg*g)(pg,p?,p?, Q) = qu(g* g)(p2,p3, q1) + Té* 9) (t1;834)
d (1,NM=4) 534D XAtz-—2)+= t1 L(1, s) L(1, )
2@ ii o " or e ) T A oxn o1 Poly )t (Case (P23 P4 02) = gt (P2 P2, 1))
s h 4
) o iLS—l _17 o ° Ly L
X to 1o QX(Z = 1)2 to

[15] hep-th/9409393 Bern, Dixon, Kosower
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Gluon circulating in the loop |

As expected, the L(1, g) piece has large logarithmic terms in the NMRK. We find

L(1 L(1, L, L,
Re |: 9 (257 3q7 4’ 57 1)i| W qu(gg*g) (p27p37p47 q2)—|—7°§* 7 (t27 345)_'_6;99*9) (p57p17 _q2) |

Ref. [15] writes the L(1, g) amplitudes as the pure-gluon N = 4 amplitude plus the L(1,s) amplitude, plus a remainder.

L(1 1, 1
qu(gg 2 (p2 ’p3 y P4 7QQ) qq(g* 2 (p27p37 Q1) + ré* 9) (t17 334)
Lo (LN=4) ( 534P4 ) X(1+z—2)+=2 ] L(1, s) L(1, s)
3% + vt tla 7t2 —4 LO e +(C_ - (p27p37p47q2)_c_ . (p27p37Q1))
2° 4® (]?E),F - pi) 2X |z — 1|2 to 9999 aqg
s h 4
) o iLS—l _17 o ° Ly L
X to 1o QX(Z = 1)2 to

Once again, it is straightforward to obtain the known MRK limit

, L(1, 1, )
qu(gg 9)(p2 7p3 7p4 QQ) M—RK> C(jq(g* g)(p27PSaQI) + T‘é* g)(t17 ) + vé*gf?( Q1ap47q2)

with the gluon contribution to the Lipatov vertex

(1,

a 2 N= WL ,
( g) (1 4)(_Q17p47QQ) 4vg *gg* )(_Q17p4’Q2)+,U;£g;z (_ql’p4’q2)

[15] hep-th/9409393 Bern, Dixon, Kosower
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Gluon circulating in the loop |l

We can now find the R(1, g) contribution via the N = 1, SUSY decomposition. All Regge trajectories and gluon
peripheral-emission vertices cancel, such that these amplitudes only contribute to the gg emission vertex:

R R(1,
Re |: (1, g) (2(.7’ SQ7 4’ 5’ 1)i| W qu(gg*g) (p27p37p47 QQ) )

R g

3°  R(1, g) ( ) 2 t1 t] 2 0 2(z — 1) — |2|?
29 ) g 7 g L - - L —
o | Cogae (05,095,058, 02) = (p2,p3,q1) + e i + Xz -1\ + Xz - 1P

*

Unlike the previous pieces, no central physics survives in the MRK, that is,

R(1
qu(gg g)(p2 ,p3 7]94 y 42 ) — Cq

R( 7 g)(
MRK

P2,D3,q1) -
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Gluon circulating in the loop Il
We can now find the R(1, g) contribution via the N = 1, SUSY decomposition. All Regge trajectories and gluon
peripheral-emission vertices cancel, such that these amplitudes only contribute to the gg emission vertex:

R R(1,
Re |: (1, g) (2qu 3q7 4’ 57 1)i| W qu(gg*g) (p27p37p47 QQ) )

R g

3°  R(1, g) ( ) 2 t1 t] 2 0 2(z — 1) — |2|? t1
29 y 9 7 G L T L — L -
49 qugg (p2 7p3 7p4 Q2) (p2ap37 Q1) + X t27 £ -+ 2X(Z _ 1>2 1 £ + X‘Z — 1’2 0 ty

*

Unlike the previous pieces, no central physics survives in the MRK, that is,

R(1, 9) R( > 9)
R
qugg (p2 7p3 y Py 792) MRK Cg (pg,pg, Q1)

So far, we have only considered the {2,3,4, g} colour ordering. The {4,2,3, q;} colour orderings can be obtained by discrete
symmetries. They are very similar to the {2,3,4, q,} vertices. For example, compare

39 a _ X(14+2z—2)—2(z—2 t
L(1, N=1 L(1, N=1 Z—z AV 1
26 4% C(iq(gg* x)(p2@7p§97p§la’q2) - qu(g* X)(p2,p3,Q2)+ ( ) ( )Lo (-)

,. 2X|z — 12 s
) ge | L N=1) L1, N=1) XA+z-2)+z (t
4@ o ; Cqug (p4 7p2 7p3 ?Q2> qqg* (p27p37 q2)+ QX‘Z . 1’2 LO g
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Gluon circulating in the loop Il

We finally need to consider the {2,4,3, q,} colour ordering.

L(1, L(1, ) — )
Re |:CL5 (1, 9) (257 47 SQ7 57 1)i| W Cq;;g*g) (p27p4ap37 Q2> + Té}k 9) <t27p§_p5 ) + Célggg) (p57p17 _QZ) ’
_|_
L(1, L(1, 1, — S34P
A 4 ng(qg*g)(pzeyp?,p?, qQ2) = qu(g* 2 (P2, P3,q1) + T’é* g)(824; S43) + oL N=4) (824, m, tz)
2@4)_? 369
: 1 t1 t) 1 t1 P th 22 th 2 th
‘ 4L () —Zlog( L)+ [ L) - Lo (L) +Zlog (2
2 -t <t2 tg) 3 8 (tQ * 2(2 — 1)2 ! t2 (Z — 1) 0 tg * 3 8 t2

Unlike the other colour-orderings, this does not obey a further factorisation in the MRK. For example, note the weight-2
terms are not suppressed in the MRK limit.

)

18



Gluon circulating in the loop Il

We finally need to consider the {2,4,3, q,} colour ordering.

L(1, L(1, , — ,
Re |:CL5 (1, 9) (257 47 SQ7 57 1)i| W Cq;;g*g) (p27p47p37 Q2> + 7’;1 9) <t27p§_p5 ) + Célggg) (p57p17 _QQ) ’
_|_
L(1, L(1, 1, — S$34P
A 4 C(jg(qg*g)(p297p§la7p§97 qQ2) = qu(g* 9) (P2, P3,q1) + Té* g)(824; S43) + oL N=4) (824, m, tz)
2@4)_? 369
: 1 ty th 1 t1 2 th 22 th 2 th
. 4L, (A ) =g 2 )+ ——L () - Lo 2 )+ Z1log (2
2 U -1 <t2 tg) 3 8 (tz i 2(2 — 1)2 ! t2 (Z — 1) 0 tg U 3 8 tQ

Unlike the other colour-orderings, this does not obey a further factorisation in the MRK. For example, note the weight-2
terms are not suppressed in the MRK limit.

However, the tree-level prefactor is supressed in the MRK, which we can view as the MRK limit of a U(1) photon
decoupling relation

A9(2,,4,3,,5,1) =— A9 (2,,3,,4,5,1) — A" (24,3,,5,4,1) — AP (4,2,,3,,5,1)

_400) o _4(0) _
W A5 (2Q73¢I747571) A5 (472q73q7571)

—0,
MRK
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Gluon circulating in the loop Il

We finally need to consider the {2,4,3, q,} colour ordering.

L(1, L(1, , — ,
Re |:CL5 (1, 9) (257 47 3(]7 57 1)i| W Cq;;g*g) (p27p47p37 Q2> + 7’;1 9) <t27p§_p5 ) + Célggg) (p57p17 _QQ) ’
_|_
L(1, L(1, 1, — S34P
A 4 Cq;qg*g)(l?zeyp?,p?, qQ2) = qu(g* 9) (P2, P3,q1) + Té* g)(824; S43) + oL N=4) (824, m, tz)
2@4)_? 369
: 1 t1 t) 1 t1 P th 22 th 2 th
‘ 4L, (A —Zlog () [ L) - Lo( L) +Zlog (2
2 U -1 <t2 tg) 3 8 (tQ i 2(2 — 1)2 ! t2 (Z — 1) 0 t2 U 3 8 tQ

Unlike the other colour-orderings, this does not obey a further factorisation in the MRK. For example, note the weight-2
terms are not suppressed in the MRK limit.

However, the tree-level prefactor is supressed in the MRK, which we can view as the MRK limit of a U(1) photon
decoupling relation
AL (24,4,34,5,1) = — AV (24,34,4,5,1) — AL (24,34,5,4,1) — AL (4,24,3,,5,1)
A0y _ 200 )
W A7 (24,34,4,5,1) — A (4,24,34,5,1)

—0,
MRK

We won't list the R(1, g) vertices explicitly, but we note that through the SUSY decomposition they have no large
logarithms in the NMRK.
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Assembling the colour dressed amplitude

Finally, we can assemble the real part of the signature-odd, one-loop qg = qgg amplitude in the NMRK limit:

1

- /=
Re [Aé ) ](Qz,qs,g@gagl)} w9 5(—F4) CY) (ps,p1, —go) % -

1
0 ) R ]_7 L 1,
X {(TdTa“)mgCéqug* (P4, P2, 13, 42) [ (N Cotas” (P1,D2,P3, 62) — ¥ i I (pa, pa,ps, go) + g o (p4,p2,p3,q2))

+ N, Té}k’ 9) (tg;pipg) + (N !(Jg’gg) (ps,p1, —q2) + ng ng’gg) (ps,P1, —q2)) ]

1

a ’ R 15 )
+ (T 4Td)1223(]éq;g (p2,p3,P4,2) [ (N cqq(gg 9 (D2, p3; Pas g2) — N qu(gg*g)(p2ap3ap4 q2) +ny qu(gg Q)(pQ,p3,p4,q2)>

_ , 1,
+ N, rgl’ 9 (t2;pip; ) + (N éggg) (P5,p1,—q2) + g céggf) (ps, P1, —q2)) ]

L(1, L(1, R(1, R(1,
+ Gryis Ddas | Clong- (P2, 93, D4, 42) <qu(gg*g (D2, D3, P, 42) — cltar (D2, Das D3, @2) + o (2, D3, pay 42) — a2 (2, pas pa, Q2))

L(1, L(1, R(1, R(1,
+ Céqég (P4, P2,P3,42) (ng(qg*g) (P4, p2,P3,42) — ng(qg*g) (P2, P4, P3,q2) + ng(qg*g) (P4, P2, P3,92) — C(jg(qg*g) (P2, P4, p3, Q2)) ] }
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Colour-dressed factorisation for g g = q g g in NMRK

The most inclusive possibility is

a(t)
- 1 s
Re ['AEL | (q_2,Q3,g4,95791)} — 5 Cqqgg~ (P2, D3, D4, q2) X [— <<ﬂ> + (

t T

where we have defined the colour-dressed, all-order object

_cO )

—S

T

a(t)
45) )] X Cggg*(P5,D1, —q2)

Caagg* (P2, 13, P4, 42) = Cgauge (2,03, P45 G2) + Cigyg+ (P25 D3, P4, @2) + O (g°)
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Colour-dressed factorisation for g g = q g g in NMRK

The most inclusive possibility is

a(t) a(t)
_ 1 S —S
Re |:~’4£L ] (627Q3ag47g57gl):| — S C(qug* (p27p37p47q2) X [_ <<ﬂ> + ( 45) )] X ngg* (p5,p1, —Q2)

t

where we have defined the colour-dressed, all-order object

C‘qug* (p27p37p47 QZ)

with two colour structures at tree-level

0 a 0
Céq)gg*(m,ps,m,m) =9 [(T 4Td)52130f§q)99*

—cW

q4999™

(p2, 3, P4, q1) + (T T )0,

<p27p37p47 QQ) + C

T

(1)
q999*

CLO . (paypa, s, 91)]

T

(p27p37p4a QZ> + 0 (95)
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Colour-dressed factorisation for g g = q g g in NMRK

The most inclusive possibility is

a(t) a(t)
_ 1 S —S
Re |:~’4£L ] (q_27Q3ag47g5agl>:| — S C(qug* (p27p37p47q2) X [_ <<ﬂ> + ( 45) )] X ngg* (p5,p1, —Q2)

t T T

where we have defined the colour-dressed, all-order object

C(qug* (p27p37p43 QQ> C(gqgg <p27p37p47 QQ> + Céq)gg (p27p37p4a QQ> + O (95)

with two colour structures at tree-level

) (payp3,pas 1) =g [(Ta”‘Td)mgCéq)gg (P2, P3s Pas 1) + (TUT ), , OO0 . (p4,p2,p3,ql)]

and three colour structures at one-loop

a ) 1 R 1 )
Céqég (P2, P3,P4,q1) = 0rg3{(T 4Td)12130(§q)gg (P2, P3, P4, G2) (N cqq(gg D (pa, p3, 1, q1) — N cqq(gg 9 (D2, 3,1, 42) + s cqq(gg )(p2,p3,P4,Q2)>
Tdqasy (0 N, E 9) _ 1 Rt 9 L(1, q)
+ ( )220 C ggqq (P45 P25 D3, G2) Coqqs*  (P45D2,D3,G2) ~ Caaas* (P4, P2, P3,q2) + nf Cygage (P4, D2, D3, q2)

L(1, L(1, R R(1,
+ 55213 6da4 [Céqég (p27p37p47 Q2> (C(jq(gg*g) (p27p37p4) QQ) - cq;qg*g) (p27p47p37 Q2> + qq(gg )(p27p37p47 q2) qg(qg*g) (p27p47p37 QQ))

L(1, L(1 1L, R(1,
+CY . (pa, D2, D3, 2) (cgéqg*g)(p4,p2,p3,q2) et 9 (pa, pay D3, 42) + conas D (pa, P2, 3, ¢o) —cq;qg*g)(pa,m,ps,qz))]}
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Colour-dressed factorisation for g g = q g g in NMRK

The most inclusive possibility is

a(t) a(t)
_ 1 S —S
Re |:~’4£L ] (q_27Q3ag47g5agl>i| — S C(qug* (p27p37p47q2) X [_ ((ﬂ) + ( 45) )] X ngg* (p5,p1, —Q2)

t T T

where we have defined the colour-dressed, all-order object

C(qug* (p27p37p43 QQ> Cfgqgg <p27p37p47 QQ> + Céq)gg (p27p37p4a QQ> + O (95)

with two colour structures at tree-level

) (payp3,pas 1) =g [(Ta”‘Td)mgCéq)gg (P2, P3s Pas 1) + (TUT ), , OO0 . (p4,p2,p3,ql)]

and three colour structures at one-loop

a ) 1 R 1 )
Céqég (P2, P3,P4,q1) = 0rg3{(T 4Td)12130(§q)gg (P2, P3, P4, G2) (N cqq(gg D (pa, p3, 1, q1) — N cqq(gg 9 (D2, 3,1, 42) + s cqq(gg )(pz,pg,m,cm))
Tdqasy (0 N, E 9) _ 1 Rt 9 L(1, q)
+ ( )220 C ggqq (P45 P25 D3, G2) Coqqs*  (P45D2,D3,G2) ~ Caaas* (P4, P2, P3,q2) + nf Cygage (P4, D2, D3, q2)

L(1, L(1, R R(1,
+ 5527,3 5da4 [Céqég (p27p37p47 Q2> (C(jq(gg*g) (p27p37p4) QQ) - cq;qg*g) (p27p47p37 Q2) + qq(gg )(p27p37p47 QQ) qg(qg*g) (p27p47p37 QQ))

L(1, L(1 1L, R(1,
+CY . (pa, D2, D3, 2) (cgéqg*g)(p4,p2,p3,q2) et 9 (pa, pay D3, 42) + conas D (pa, P2, 3, ¢o) —cq;qg*g)(pa,m,ps,qz))]}

This conjecture can be tested using the two-loop amplitudes.
This vertex is unlike the pure-gluon case, which does not admit a colour-dressed factorisation [8,13]
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Summary

* In this talk | have given a brief overview on the status of the BFKL approach at NNLL.
* There has been much progress in recent years and the remaining building blocks are within reach.
* | have focused on the extraction of one of the remaining pieces: the one-loop gg peripheral-emission vertex:

* Like the gg peripheral-emission vertex there is one new colour structure at one-loop. It will be
interesting to investigate whether this colour structure receives large logarithmic enhancement
at two-loops.

* Unlike gg - ggg in the NMRK, qg — qgg admits a factorisation at the colour-summed level.

«  We still need to obtain the one-loop two-parton emission vertices up to order 0(e3) in IR limits.

Thanks for your attention!



Backup I: Changing basis of colour structures

In order to connect to the tree level CEV, we move to a basis that includes

%:I; the tree-level structures:

1
§ T TAMAo+Ta My +TpMp = g(TA —TB)(2My — My — Mp)
1
+ —(TA/ — TB)(QMA/ — My — MB)
Y 3
1
+ g(TA +Ta +T5)(Ma+ Ma + Mp)

We find that in addition to the tree-level structures, we have a totally symmetric colour structure:

as 1
;?g:: _ d%la2a3a4 _ E Ztr (F“U1 %oy oy Fa"4)

aq Ay Sy

a;

(Ta —Tp)
. %X
(Tar — T)
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