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Annihilation cross-sections: relic abundance
Indirect detection

Partial-wave expansion |ocv =

Lt partial wave is suppressed as 2L

today this is

We explore dark matter annihilation processes
for simplified models and extensions to
determine dominant annihilation modes.



Simplified Models
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Two-to-two xx — ff processes: mediators and channels
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Two-to-two xx — ff processes: mediators and channels
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Two-to-two xx — ff processes: mediators and channels
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Summary of two-to-two annihilation processes with a single
mediator:
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—— For Majorana DM:
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unsuppressed annihilation to a
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Simplified Models: unitarity and gauge invariance
lead to multi-mediator constructions

[] ( 1) For non-zero axial-vector
X couplings Z/ Z/
L“~L
scattering violates unitarity at

Z/ high energies. Introducing a
dark Higgs solves the issue

S

The dark Higgs can provide the mass generation
mechanism for the dark vector and dark matter

For example: F. Kahlhoefer, K. Schmidt-Hoberg, T. Schwetz, and S. Vogl, JHEP (2016),
1510.02110
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Two-to-two processes: DM to two dark sector
particles
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Enhancement in two to three processes:
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Enhancement in two to three processes:
SU(2), charged DM with W*" ISR
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Enhancement in two to three processes from
dark sector ISR
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Enhancement in two to three processes as
well
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Dark ISR models considered
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S® S s-wave from 2 to 3 processes

1 _ o
Lint D @(Yx)(ff) + 1 gpPXV5X

"

X /

Initial state ISR of a PS and

three-body pseudo-scalar
final state
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A A s-wave from 2 to 3 processes
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Initial state ISR of a V and two-body A-A
final state
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Summary

Lorentz structures with suppressed cross-sections
ARA, ARV, S5®S, and S® P

ISR of a dark vector opens an s-wave for all of these

ISR of an axial-vector opens an

s-wavefor 4 @ A and A @V

ISR of a pseudoscalar opens an

s-wave for G’ S, and S ® P

Dark sector ISR can be the dominant annihilation channel

Future prospects: indirect detection implications and
complementarity from colliders



Cross-sections
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Cross-sections
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Cross-sections
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Cross-sections
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Scalar dark matter with p-wave suppressed
annihilations can also be lifted by dark vector ISR
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Mass/coupling relations
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