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WIMP Dark Matter

 Well motivated and not dead:

~ 100 GeV + weak-scale coupling

— (ov) ~ 2.2 x 107%°ecm? /s — observed Qh?
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Standard Freeze-out

DM production stops, annihilation continues
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Fig. 5.1: The freeze out of a massive particle species. The dashed line is the actual
abundance, and the solid line is the equilibrium abundance.

Which requires: (ov) 1 for the same Yo
(E. W. Kolb and M. S. Turner, The Early Universe)
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Why Go Beyond the Standard WIMP?

AMS + Fermi + CMB
(most conservative)
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R. K. Leane, T. R. Slatyer, J. F. Beacom, and K. C. Y. Ng, arXiv:1805.10305
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A Minimal Extension

Scalar only interacts with DM

1 f it led to Higgs, re:
C D) __m¢¢ o mXXX_I_ >\¢XX‘|_hC IT IS coupiea 1o riggs, we reqguire

2 \ Asmr K A

Rea' Scalar  \raiorana WIMP - Yukawa Coupling

m g > me > ¢ — XX (Required for Unstable)

A and mg control thermal history
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Y(x)

m, = 100 GeV me = 000 GeV

Thermal Histories

Orange matches the observed relic abundance today
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Re-annihilation Window
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Scan Over Coupling

Freeze-out followed by freeze-in

Freeze-out from annihilation
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(ov)/{oV)h

Indirect Detection Limits

m, = 100GeV ~ myg = 500 GeV
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Dwarf Galaxy Contraints

Inner Galaxy Contraints

Abdollahi, S. and Baldini, L. and Bellazzini, R., et al., arXiv:2508.20229

A. Acharyya, R. Adam, C. Adams, et al., arXiv:2007.16129
Viana, A. and Schoorlemmer, H. and Albert, A., et al., arXiv:1906.03353



Summary

* A single real scalar feebly coupled to a WIMP can trigger re-annihilation after freeze-out
 Late Phi Decay requires an annihilation cross-section up to two orders of magnitude above the thermal relic

e Current and upcoming indirect detection experiments will further probe this scenario

* Next Directions:
 Particle Physics?
* MSSM no such scalar, doesn’t work
* NMSSM has a scalar, exploring...
e Connection to Baryogenesis

* Deviation from thermal equilibrium during re-annihilation
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