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The Plan

-

1. MRK limit for 2 = N processes
2. Review of shockwave formalism
3. NNLL building blocks via matching to amplitudes
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Slgnature

t-channel colour flow basis
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All even amplitudes lead to
logarithmically suppressed cross-section
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Shockwave Formalism
for amplitudes

Mueller, Balitsky, Kovchegov, Jalilian-Marian,
lancu, McLerran, Weigert, Leonidov, Kovner

When Does The Gluon Reggeize?

Simon Caron-Huot®?
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the tilt regulates the Wilson line
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solution: linearisation
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Two-parton scattering in the high-energy limit

Simon Caron-Huot,” Einan Gardi,® Leonardo Vernazza®
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Reggeon-like free fields Wa(p)
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MRK expansion of exact amplitudes + shockwave prediction = “matching”
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Shockwave Amplitudes









s W g WW gWWW




sW

g WW

g WWW




g WW SWWW

(W(Q)al(pp_1) - Olower 1))




g WW SWWW

- AT

al(pn—1) - O(lower 1))










Cow )

- J

k
\_ )




WW WWW
- T

(1 n 1 n | v )
n—1 n—1 n—1
n—2 + n—2 + n—2

\_ J

and finally...

(TW (1) WPa)], W (@) W(an)],) =
brim Y G(P1,A5(1)) - - - G(Prs Ao (m)) + Ol2s)

oc€S,, _ i ab
] G(p.q) = (TWE)W()) = (2)* %8> *(p — )

p2

+ O(as)



Tree ALl =

[LAT(1)+LB (1)] A(O),

g N ? + = |7+ T + W) | A0,
One-loop At = ﬁé_?ﬂ: = irBYT_ AO),




Two-loop
(odd,odd)

2),(—=) _
ANNLL ) =

(2) j(2) j(z) j(l) j(l) (1)( 7 4 (1))

2
+ () (BAT+ BAT: 1+ BT, Bff)%)]f‘(”’



Extracting Data

[rom
Amplitudes



MRK
helicity amplitudes H = E ch FZ CC

1,C



MRK
helicity amplitudes H = E ch FZ CC

z’,c/

rational



MRK
helicity amplitudes H = E ch Fz CC

<)

rational  transcendental



MRK
helicity amplitudes H = E ch Fz CC

</ ]\

rational transcendental colour



MRK
helicity amplitudes H = E ch FZ CC

1.C
: MRK variable A 7 / ) \

\_ L ; O Y, rational transcendental colour




MRK
helicity amplitudes H = E RZC Fz CC
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MRK
helicity amplitudes

~ ™
MRK variable

x—0

il 1/x
; {512,503} — {% 823}

HPLs (trivial expansion)

%:ZRicFiCc
1,C

rational  transcendental

colour

|

Pentagon functions,
non-trivial expansion

S S| $9
{3127 593, 5834, 545, 851} — { 27 S93y, — 851}
€T r X

[same strategy as Federico’s talk]
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compare w/ shockwave prediction
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e i)

additional universal (factorised) contributions!
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additional universal (factorised) contributions!
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additional universal (factorised) contributions!
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additional universal (factorised) contributions!

% g g ’Lﬂ' 2N B(Z) —I—B(2) —|—B(2) B(2))A(O)

mismatch between W and reggeized gluon at NNLL!
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an open question:

Can one redetine the W field so that
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Infrared Structure

#H! AP = lim Z 5 BAP]

e—0

Zin(e, (ph) = exp | [ dﬂ—“'rmqp} i)

—S51 K —S51
Trr = xCaln— 5 —771 po (TY)? + 274

—S —S
+ykCpln —22 — Ty T2 (232 4 o p
p© 2 p?

+ vk La(TY)? + vk Lp(T)

2 2

WK( C4ln'u——|—ln—(T15) +In 2

4 15
2 P4 P4 p4

+ %K im (T + T +T ).

2
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The vertex finite remainder
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The vertex finite remainder
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QCD vertex

hw,i

Transcendental
(weight w)

Rational
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N. - N¢

3 (rih12 +12),

N,
Yoop = - (8¢ —hg (h1p +3rs) —imha,) —

~

L.
Pacn = N lmm( — 72¢3 + h1,1 (=36C2 + 9h1 2 (3rs + 4h1,2) — 456) + 464

432
+36¢2 (—18h1 | + 3(9r3 — Thi,2) h1a + 209) — 9( — 6h1 5 + 98T 5 + 9r3(2h3,

1
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1
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1
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- 3(47’4 — 127‘3}1,1’2 + 7 (36’1,1,2 — h1’3h1’4 - 8h2,2 + 8h2’3) - 4) hl,l + 2(3’)"1hi2
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N=4 vertex
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(weight w)
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QCD gluon Regge trajectory
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e ko2 T
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Disentangling the Regge cut and Regge pole in perturbative QCD

Giulio Falcioni,!' * Einan Gardi,!*T Niamh Maher,!>* Calum Milloy,?:$ and Leonardo Vernazza?:3: 9

The Two-Loop Lipatov Vertex in QCD

Samuel Abreu,”® Giuseppe De Laurentis,® Giulio Falcioni,? Einan Gardi,® Calum
Milloy,® Leonardo Vernazza®

Three-loop gluon scattering in QCD and the gluon Regge trajectory

Fabrizio Caola,»?>* Amlan Chakraborty,® T Giulio Gambuti,»4 *
Andreas von Manteuffel,® 3 and Lorenzo Tancredi® > ¥

Investigating the universality of five-point QCD
scattering amplitudes at high energy

Federico Buccioni,® Fabrizio Caola,¢ Federica Devoto,>? Giulio Gambuti®



redundant amplitude information
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Future Directions
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We reggeised gluon @ NNLL

BFKL evolution
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NMRK limits
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Single-valued transcendental functions

Multi-Regge limit of the two-loop five-point
amplitudes in A/ = 4 super Yang-Mills and N = 8

914 =In(22), g15=1In ((1 —2z)(1 - 2))) supergravity
g16 =In(z) —In(2), gi17=1In(1-2)—In(1 - 2),
g2 1= D2 (Z 2) Simon Caron-Huot,” Dmitry Chicherin,” Johannes Henn,” Yang Zhang*
> ) ) and Simone Zoia”

g2,2 = Lia(z) + Liz(2),

, 2 : z _
92,3 = Lig (1 — 2) + Lig (1 — z) + (91,4 — 91,5) In(|1 — 2 — 2|)

+im (916 + 91.7) sgn[Im(z)]|© (Re(z) - %) :
931 = Ds(z, 2),
932 = D3(1 —2,1—2),
93,3 = Liz(z) — Liz(2),
93,4 = Lig(1 — z) — Liz(1 — 2)

93,5 = Lz ((1—5(21 —z)) " %ln(l -z’ ((1 —Z§fl—5))’

93,6 = 2Lis (1;) — s (1;) _1n((1_z§f1_2)) b2 <1i2’ 1:)

. 1
+ 2 (10~ 019+ (gn0 + 7)) sgnlim(2)] © (Rez) - 3 ).
l—2—-2
93,9=Li3( — _-)’ 5
(1 Z)(l Z) DQ(Z, Z) = L12(z) — LIQ(E) -+ M (ln(l - Z) - ln(l o ,‘2)) )

2

Ds3(z,z) = Lig(z)+Lig(z)— % In(22) (Li2 (z)+Li2(2)) — % ln2(z2) In((1-2)(1-2))



Rational Functions
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