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Outline

 Context & Motivation
 The physical picture of quasi-bound states
 WKB approximation of Sommerfeld factor
 Impact of QBS on indirect detection signals
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Context
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Dark matter with a light mediator

e.g. dark photon

Yukawa potential
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Motivation
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Self-scattering
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Annihilation
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Bound-state formation
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The features
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The features
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 Resonances at specific velocities
 Common to various processes
 Close to 0-energy bound state resonances
 Only when taking into account p-wave

(or higher)

Reason lies in the spectra



6

S-wave spectrum
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By varying
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P-wave spectrum
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P-wave spectrum
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Finite range potential 

Centrifugal barrier

QUASI-BOUND states
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By varying
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WKB approximation
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WKB
approximation

Resonant enhancement in the processes

QBS energy
and width

Energy
close to the

quasi-bound state
for
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Annihilation
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Annihilation
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Sommerfeld factor

Breit-Wigner shape Velocity scaling
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Annihilation
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Models

 Quasi-bound state impact on
indirect detection signals

 Scalar mediator model
 Vector mediator model
 Wino
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Scalar mediator
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only p-wave

Bounds from S. Profumo, F. S. Queiroz, J. Silk and C. Siqueira [1711.03133]
G. N. Fortes, F. S. Queiroz, C. Siqueira and A. Viana [2212.05075]
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Vector mediator
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Bounds from S. Profumo, F. S. Queiroz, J. Silk and C. Siqueira [1711.03133]
G. N. Fortes, F. S. Queiroz, C. Siqueira and A. Viana [2212.05075]

s-wave & p-wave
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2-channel potential [0412403]
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Wino
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2-channel potential

Infinite range
Coulomb potential

Finite range
Yukawa potential

Mass splitting
turns off Coulomb

[0412403]
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Wino
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Wino

DM annihilation & quasi-bound states Lorenzo De Ros TUM



15

Conclusion

 Quasi-bound state
 WKB approximation of Sommerfeld factor
 Impact on indirect detection signals

in single(double)-channel models
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Thank you for your attention!
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