
Subleading soft effects in QCD 
amplitudes

Kilian Erhard Mínguez 13.04.2026
￼1



Eikonal approximation
Soft Gluons
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2 Catani and Seymour, 1997
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Motivation
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Subleading soft currents
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LBK Theorem
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2pi · q
Fµω(Ji →Ki)

µω
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

Czakon, Eschment, and Schellenberger, 2023
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One-loop soft currents
Underlying structure

Smirnov, 2001 & Bonocore et al., 2015
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Soft RegionHard Region

l = 𝒪(λ0)
q = 𝒪(λ)

l = 𝒪(λ)

q = 𝒪(λ)
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One-loop soft currents
Procedure

• Generate Diagrams

• Apply Feynman Rules and expand in soft factor

• Passarino-Veltman

• IbP Reduction

• Master Integral verification

• Numerical verification

QGRAF 

FORM 

MATHEMATICA 

KIRA 

PYSECDEC 

RECOLA+CUTTOOLS+ONELOOP
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Hard Region
Massive one-loop soft current
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One-loop soft currents
Soft region

Catani and Grazzini, 2000
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Massive Master Integrals
One-loop soft currents
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Bierenbaum, Czakon and Mitov, 2012 & Ellis and Zanderighi, 2008
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Hard Region
Massive one-loop soft current
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Massive one-loop soft current
Soft Region
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Massive one-loop soft current
Numerical Check: e− e+ → t t̄ + soft g

λ
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Massive one-loop soft current
Numerical Check: e− e+ → t t̄ b b̄ + soft g

λ
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Pole Check
Massive one-loop soft current
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ε
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iϑ
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
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→+O(ε0),

Catani, Dittmaier, and Trocsanyi, 2001
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Massive one-loop soft current
Full result
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Massive one-loop soft current
Full result
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Spin operator

20
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Collinear Quarks
Next-to-leading-power collinear asymptotics at tree-level

Czakon, Eschment, and Schellenberger, 2023
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Collinear Quarks
Next-to-leading-power collinear asymptotics at tree-level

Czakon, Eschment, and Schellenberger, 202322
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Collinear Quarks
Next-to-leading-power collinear asymptotics at tree-level

Czakon, Eschment, and Schellenberger, 202323
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Collinear Quarks
Next-to-leading-power collinear asymptotics at tree-level

Czakon, Eschment, and Schellenberger, 202324
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Collinear Quarks
Next-to-leading-power collinear asymptotics at tree-level

Czakon, Eschment, and Schellenberger, 202325
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Collinear Quarks
Next-to-leading-power collinear asymptotics at tree-level
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