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Amplitude for wide-angle 
scattering and decay 

All-orders analysis for wide-angle scattering 
and particle production amplitudes 
 
▶ Non-gauge: Akhoury (1978); QCD in axial 
gauge: Sen (1982). 
 
▶ In covariant gauge and position space: 
Erdogan & Sterman (2015). 
 
▶ Current work is covariant gauge directly in 
momentum space. 
 
▶ Understand the basis of subtractions. 
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Background knowledge: 
 
▶ Landau equation → Pinch surfaces 
   (Landau 1959) 

▶ Collinear and soft divergences 
 
▶ Libby-Sterman power counting 
   (Sterman 1978, Libby & Sterman 1978,          

Collins (2011) book) 

 
▶ Leading pinch surfaces 
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←—Soft divergence 

Collinear divergence—→ 

leading 
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Approximation operator 

▶ Separate subgraphs into convolutions. 
 
 
▶ Based on analysis for factorization of cross sections. 
 
 
▶ Collins & Soper (1981), Collins, Soper & Sterman (1989). 
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• Hard-collinear approximation 

Approximation operator 
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• Hard-collinear approximation 

• Soft-collinear approximation 

Approximation operator 
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▶ Each       is called a “forest”: a set of nested pinch surfaces; 
 
 
▶ The      products are ordered (smallest pinch surface to the right). 
 
 
▶        is the approximation operator, whose associated pinch  
surface is an element of the forest       . 

Forest Formula 
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▶ Collins studied this formula in his book “Foundations of Perturbative QCD”, 
where he focused on the Sudakov form factor. 
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▶ Extension to wide-angle 2-to-n processes is nontrivial. 
 
 
▶ Project requires: 
 
       1. Enumerating the pinch surfaces of          ; 
 
       2. Study action of repetitive approximations; 
 
       3. The IR divergences in “unphysical” regions are at worst logarithmic; 
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▶ The divergences are cancelled pairwise. 
 
 1. The cancellation of nested divergences is relatively simple. 
 
                  , then 
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▶ The divergences are cancelled pairwise. 
 
 1. The cancellation of nested divergences needs an additional 
construction. Need to identify: 
 
   “enclosed pinch surface” 
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▶ The divergences are cancelled pairwisely. 
 
 1. The cancellation of nested divergences needs more constructions. 
 
   “enclosed pinch surface” 
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To construct an 
enclosed pinch surface: 
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Summary 

1. A proof of factorization for QCD amplitudes with 
wide-angle scattering and particle production. 
 
 

2. Processes with Glauber modes need separate 
analysis. 
 
 

3. Future work will include extensions to jet cross 
and other infrared-safe cross sections. 
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