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qj

qi�1

qi

qi+1
�+

Ei − pi = − Ej − pj

−Ei − pi = − Ej − pj

keep δ > 0

[Catani, Gleisberg, Krauss, Rodrigo, Winter: 0804.3170]

[Runkel, Szor, Vesga, Weinzierl: 1902.02135]
[Capatti, Hirschi, DK, Ruijl: 1906.06138]

ℐLTD = ∑
i

Res[ℐ, k0 = Ei − p0
i ]

iI = ∫
d3 ⃗k
(2π)3 ∫ℝ

dk0

(2π)
ℐ(−i)ℐLTD( ⃗k )

Ei = ( ⃗k + ⃗p i)2 + m2
i − iδ

poles of ℐLTD

locally cancelling, spurious poles of ℐLTD
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.
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��
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 −
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k2 ky
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from 
above
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Eij

i

j
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Can we integrate out 
a spatial dimension?
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• calculate residues
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subtracted integralRe I = − ∫H2

d2 ̂k
(2π)3 ∫ℝ

dr r2ℐLTD(r ̂k) − ∑
(i,j)∈ℰ

∑
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ij

Im I = −
1
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d2 ̂k
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∑

ρ∈{±1}

ρ Rρ
ij sum of residues
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LTD integrand subtracted integrand
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momentum space residues
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momentum space residues
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thresholds can be grouped
not all intersections lead

to higher-order poles
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How far can we push 
threshold subtraction?
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Reproducing finite scalar integrals
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Reproducing finite scalar integrals

[1510.00187: Buchta, Chachamis, Draggiotis, Rodrigo]
[1912.09291: Capatti, Hirschi, DK, Pelloni, Ruijl]Kinematics from:
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IR divergent scalar topologies with IR counterterms (triangle diagrams)

One-loop amplitudes interfered with tree level (with UV and IR counterterms)

[Anastasiou, Sterman: 1812.03753]
[Capatti, Hirschi, DK, Pelloni, Ruijl: 1912.09291]

27
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new robust method for numerical calculation of loop 
integrals in momentum space 

• extension to multi-loop integrals
combining loop and PS integration 
(threshold residue = PS integral, local cancellation of real and virtual, local unitarity)

• partially reducing integration dimension to two

• no need for contour deformation 

Conclusion

Outlook

• construction of locally finite integrand

28
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