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Introduction

• The object: one-loop four gluon on-shell amplitude for a different helicity 

• The process: 

Feynman Rules               ∑Numerators × Diagrams ∑! 𝐶!,#𝑀𝐼#

• The result:

𝐴$
% ℎ𝑒𝑙𝑖𝑐𝑖𝑡𝑦, 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 =

PVReduction

𝐶! + 𝐶",$ + 𝐶",% + 𝐶%,$ + 𝐶%,%



Preliminaries
Massless momenta in the center-of-mass frame:

The Mandelstam variables



Polarization vectors in D=4

• Transversality

• Normalization

• Completeness



Polarization vectors in D=4



Polarization vectors in D=6

• Normalization

• Polarization vectors
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Polarization vectors in D



Colour-ordered Feynman rules



Tree Level

+ +



One-Loop Level



One-Loop Level

• Adjacent helicity case



One-Loop Level
• Non-adjacent helicity case



d=4, D=4

• Adjacent

• Non-adjacent



d=4, D=4
UV-divergent parts of the master integrals in D = 4 - 2ϵ

The amplitudes in both helicity cases



d=6, D=4 and d-arbitrary

• d=6, D=4

• d - arbitrary, D=4
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d=4, D=4, scalar in-the-loop

• Adjacent

• Non-adjacent



d=4, D=4, scalar in-the-loop

• Scalar in-the-loop for any helicity

• Scalar trick



d=D=6
UV-divergent parts of the master integrals in D = 6 - 2ϵ

The amplitudes in both helicity cases



d=D=8
UV-divergent parts of the master integrals in D = 8 - 2ϵ

The amplitudes in both helicity cases



d=D=10
UV-divergent parts of the master integrals in D = 10 - 2ϵ

The amplitudes in both helicity cases



d - arbitrary

• D = 6

• D = 8, 10



Supersymmetry check

• Particle content of various MSYM theories

• Result 



Conclusions

• The obtained formulas for the UV divergent contributions for one-loop planar 4-gluon scattering 
amplitudes have a universal form and can be applied in any dimension. We distinguished the 
Lorentz algebra dimension d and the loop momenta dimension D mostly for the purpose of 
verification of the validity of our results and comparison with the known ones. To explore the 
purely D-dimensional case, one should put d=D in our formulas. 

• One-loop amplitude in D=6 has no UV divergences for both gauge and matter fields, while in D=8, 
10, etc the signs of all the contributions are the same. It is basically negative but contains a 
polynomial dependence on the Mandelstam variables and can have different signs depending on 
the kinematics. 

• The UV divergent terms ∼ 1/ε are in one-to-one correspondence with the leading logarithms and 
one can sum them up using the generalized RG equations. This can be done for several QFT 
models like SYM and the procedure seems to be realized for the D-dimensional pure Yang-Mills 
theory. 
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