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N=4 superamplitude and R 



Multi-collinear limits: (m+1) coll. momenta



Multi-collinear limits: (m+1) coll. momenta

Bern-Dixon-Kosower-Roiban-Spradlin-Vergu-Volovich
Anastasiou-Brandhuber-Heslop-VVK-Spence-Travaglini;        Heslop-VVK 

m=1

m=2

m general



Multi-collinear limits: (m+1) coll. momenta

Alday-Gaiotto-Maldacena-Sever-Vieira’10
Goddard-Heslop-VVK’12 (super-conf.)

Goddard-Heslop-VVK’12

based on d. conf. inv. of R
and m.-coll. factorisation of A



Multi-collinear limits: (m+1) coll. momenta



Multi-collinear limits: (m+1) coll. momenta



Multi-collinear limits: (m+1) coll. momenta

This u = 0



Multi-collinear limits: (m+1) coll. momenta

These u ‘s = 1

These u ‘s are
composite

u ‘s are useful at low n but limits become complicated at high n. X’s are better! 



Multi-collinear limits: (m+1) coll. momenta

u ‘s are useful at low n but limits become complicated at high n. X’s are better! 



(1+1)-dimensional external kinematics



Collinear limits in (1+1)-kinematics

const



Recall: Momentum supertwistors

Drummond-Henn-Korchemsky-Sokatchev;
Hodges; Mason-Skinner 



(1+1)-dimensional external kinematics



(1+1)-dimensional external kinematics

See also Caron-Huot & He

But after dividing by this prefactor we can still compute meaningful quantities.

Alternatively, we can avoid using supersymmetric reduction.





MHV amplitudes in special kinematics

The conjecture at the centre of the method (Heslop - VVK) 

(the logarithms of)  cross-ratios form the basis of the vector space 
on which the symbol of the amplitude is defined



The symbol
Goncharov, Goncharov-Spradlin-Vergu-Volovich, …



2-loop MHV amplitudes @ 8 points

Del Duca - Duhr - Smirnov

Heslop – VVK: 





2-loop MHV amplitudes @ n points

• This solution is unique 
(with our symbol assumption)

• This solution was checked numerically 
using our ABHKTS numerics



3-loop MHV amplitudes @ 8 points 



3-loop MHV amplitudes @ 8 points 



3-loop MHV amplitudes @ 8 points 



3-loop MHV amplitudes @ 8 points 



3-loop MHV amplitudes @ 8 points 



3-loop MHV amplitudes @ 8 points 



General formula for the n-point uplift



Recall: (1+1)-external kinematics



General formula for the n-point uplift

8-pt amplitude     additional contr.



General formula for the n-point uplift

T
these are obtained from f + functions
as explained before

these are obtained from f - functions
-- same symbolic construction



General formula for the n-point uplift



Properties of Sm



Again: our general MHV formula



Collinear limit



General formula for the n-point uplift

• Multi-collinear limits also work out correctly:

use the structure of the sum and conformal properties.

• There is only a finite number of functions Sm
at each fixed loop order , m < 4 (number of loops) +1

<=  Sm has to vanish in all multi-collinear limits, and combined
with  weight = 2  (number of loops) and
our symbols-of-u’s-only assumption, this is possible only for
m< 4 (number of loops) +1



Summary + more

• Multi-collinear limits for super-amplitudes R

• (1+1)-dimensional external kinematics

• Central assumption for the symbol of the amplitude being made 
out of fundamental u’s in this kinematics

• Reproduced 2-loop 8-point MHV
• General n-point uplift of 2-loop MHV – logs only – very compact result!

• Obtained 3-loop 8-point MHV in terms of 7 explicitly reconstructed
functions

• General S-formula for MHV n-point amplitudes (any n, any loop-order)
in terms of S_m functions which are constructible with the 
e.g. symbol-of-u’s  assumption.



+ more

• Same general S-formula holds for loop-level non-MHV amplitudes
S(x) -> S(X=x,q) 

• Tree-level NMHV amplitudes derived in this kinematics separately 
(very compact expressions)

• NMHV amplitudes can be obtained from the (known) MHV 
expressions with a certain manipulation of the MHV symbol
-- to appear soon

Consistency and connections with the Q-bar formula of 
Caron-Huot & He.


