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Starting Point

• QCD: Quark pair
production, gluon emission

• IR divergencies

• Kinoshita-Lee-Nauenberg
(KLN) theorem

• Go to the massive case ↓
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Intermezzo: h→ W+W−

• Different approaches:
i) Unitary gauge

ii) Feynman-’t Hooft gauge —
additional Goldstone bosons,
ghosts

iii) Using Goldstone boson
equivalence theorem (GBET)
— additional Goldstone bosons

iv) Cutkosky cut of charged boson
loop

• Pedagogical paper
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Dark Matter I

• Indirect search for Dark Matter (DM)
• Popular DM candidate: Neutralino

• Lightest SUSY particle in the MSSM
• Majorana spin-1/2 particle

• DM annihilation (exclusively) into SM particles

χ+ χ→ f + f̄ , . . . (1)

• Helicity suppression
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Dark Matter II

• Bremsstrahlung processes
• Photon bremsstrahlung
• W /Z bremsstrahlung

• Decay of W /Z leads to photon, lepton and/or hadron
production
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Electroweak bremsstrahlung I

• Consider s-channel
fermion pair production
• Initial and final state

factorizes

• Include bremsstrahlung
diagrams

• Assume mχ � mW ,mZ

• Goldstone boson
equivalence theorem
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Electroweak bremsstrahlung II

• Large logarithms ∼ ln2(m2
χ/m

2
W ) in total cross sections

• Compare with gluon emission

• Bremsstrahlung processes: significant annihilation
channels

• Constrain DM particle properties
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Summary

• Majorana Dark Matter particle (e.g. neutralino)

• Annihilation into SM particles

• Electroweak bremsstrahlung

• Large logarithms

• DM particle constraints
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