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Based on common and co-ordinated work with:



Gluon fusion cross-
section

• How well do we know now the 
gluon fusion cross-section? 


• Are current recommendations to 
experiments the best 
knowledge? 


• What is our opinions for a new 
recommendation? 



Gluon fusion cross-section in 
fixed order perturbation theory
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Progress in N3LO 
corrections

1st term 2nd term Full
VVV - - yes
RVV yes yes yes

(RV)(RV) yes yes yes
RRV yes yes no
RRR yes yes no

IR+UV yes yes yes
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Progress in N3LO 
corrections
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These results constitute the state-of-the-art beyond NNLO
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Mellin-space
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• The formal hierarchy of logs is not reflected in the hadronic 
cross-section (neither in z-space nor in Mellin-space).  

• Next-to-soft corrections are large  

• Next-to-soft corrections become increasingly important at higher 
orders.  

• No theoretical justification to stop at next-to-soft.  

• Empirical arguments from NLO and NNLO experience?



Hadronic integral and an ambiguity



n-variaton in z-space
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n-variation Mellin-space
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• n-variation is very large for the soft-virtual terms alone.  

• sensitivity decreases by including the next-to-soft terms.   

• sensitivity increases at N3LO, rendering empirical 
arguments even more dangerous.   

• Entertaining the idea that NLO and NNLO may show us 
the way, we can restrict n in [-1,3].   

• This gives a range of predictions for N3LO from -22% to 
33% of the Born.   

• Larger uncertainty than the -12% to 12% of the Born 
scale variation at N3LO. 



n-variation z-space/ Full leading logs

N3LO svns (full log3,log4,log5)

N3LO svns
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n-variation Mellin-space/ Full leading logs

N3LO svns (full log3,log4,log5)

N3LO svns
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• including the exact log^k(1-z), k=5,4,3 produces a 
downward shift to the cross-section.  

• The shift is more dramatic in N-space.   

• It is bigger that the N3LO scale variation.  



Summary

• I have presented a calculation of the N3LO cross-section 
through the first two terms in the threshold expansion.  

• We also computed the exact coefficients of the three 
leading logarithms.   

• Unfortunately, these results are not yet the full N3LO 
cross-section. What is missing is important!



My personal recommendations  
(not meant to represent my collaborators)

• We cannot trust the soft approximation and soft-gluon 
resummation to “capture the bulk of N3LO and beyond 
corrections”. It may even be misleading, since large 
cancelations are at play.  

• Resort to full corrections in fixed order perturbative QCD.  

• Wait for the full N3LO result.   

• In the mean time, use the NNLO corrections (without 
resummation) and assign a generous uncertainty.  


