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Evidence of Dark Matter
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Thermal Relic
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Dark Matter Detection
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DM Annihilation into Fermions
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Virtual Internal Bremsstrahlung
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VIB lifts the helicity suppression of DM annihilation into pair of
fermions [Bergstrom ’89, ... ]



VIB in Supersymmetry

Admixture of Bino/Wino/Higgsinos:
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VIB in Effective Operator Model
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Ratio of the cross-sections
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Ratio of the cross-sections
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Ratio of the cross-sections
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Photon Energy Spectrum

ds=1,dg=1,v=1073, Mpm =100 GeV, A =1 TeV
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Bound on effective operator scale
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Bound on effective operator scale

from mono-y searches
[Cheung et al. ’12]
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Conclusions

Electroweak bremsstrahlung lifts the helicity suppression of DM annihilation to
fermions.

dim-8 operator encodes this effect in EFT framework.

In spite of higher dimensionality of dim-8 operator, it does not suffer any
suppression from DM relative velocity.

Annihilation cross- section from dim 8 operator to the dim 6 operator is always
larger at all dark matter mass scales > 1 TeV.

Cancellation in the 2-body cross-section between dim 6 and dim 8 for A/m, ~ 1.4

Bounds on the y-ray flux and relic density translates into stringent bound on
the EFT scale.

For high mass DM (> 200 GeV), relic density provides the strongest bound on A.
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Photon Energy Spectrum

ds=1,dg=1,v=1073, Mpm =100 GeV, A =1 TeV
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Photon Energy Spectrum

ds=1,dg=1,v=1073, Mpm =100 GeV, A =1 TeV
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