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Amplitude representations whose itegrand  
factorises in all soft & collinear limits 
for general two-loop QED processes.  

 
A local Catani-like subtraction formula. 

Both can be generalised.   
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→ boundary terms

3. numerical integration
→ replace the many-scales problem

with a purely computational one 

2. finite remainders
→ via simple+universal subtractions

IN SHORT

(2loop) QED • Relevant for future        colliders
• All kinematical complexity of QCD

⟹ e+e−
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∝ kμ ū(p)kμ → α pμ
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A COLLINEAR FACTORISATION EXAMPLE

p1

p2

p4

p3 + (p3 ↔ p4)

≃ = B(p1, k) × A(0)
ee→γγ

kμ → α pμ
1

works* for all one-loop amplitudes

*provided a proper loop-momentum routing is imposed
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•collinear photons are longitudinally polarised

•Ward identities are locally preserved

•spurious collinear divergences are absent

•all singularities are logarithmic

transient singularities

Anastasiou, Karlen, Sahoo, Sterman, Vicini: [2509.07805]

OUR WISH LIST
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BUILDING-BLOCK AMPLITUDES

= 0

No new collinear
        divergences in sewing:

−i
k2 (gμν − 2

kμρν + kνρμ

(k + ρ)2 − ρ2 )k →

A sewing propagator:
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NEXT STEPS

•QED practical applications

•Generalisation to QCD (colour = routings)

•Generalisation to 3+ loops (all orders?)



locally factorising building blocks 

local counterterms 

sewing into general amplitudes

F(1) = A(1) − Γ̂(1) ∘ A(0)

F(2) = A(2) − Γ̂(1) ∘ F(1) − ( 1
2

Γ̂(1) ∘ Γ̂(1) + Γ̂(2)) ∘ A(0)

Integrand soft and collinear factorisation!
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THERE ARE NO LOOP POLARISATIONS!

= ū(p) Γμ(p, k)
i(k − p)
(k − p)2

all loop polarisation can be removed via boundary terms!

Γμ(p, k) → Γμ(p, k) + δΓμ(p, k)

Γμ(p, k) ≡ Γp pμ + Γk kμ∫

tensor reduction

+→



δΓμ(p, k; ℓ) ≡ ie2(2 − d)
η

2p ⋅ η [ (p − 2ℓ − k)μ

ℓ2(p − ℓ − k)2
−

(2p − 2ℓ − k)μ

(p − ℓ)2(p − ℓ − k)2 ]
η2 = 0
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+

−igμν

ℓ2
2 →

−i
ℓ2

2 (gμν − 2
ℓ2

μρν

(ℓ2 + ρ)2 − ρ2 ) fully automated 
integrand generation 

AMPLITUDE COUNTERTERMS


