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We talked about gauge theories
U(1), SU(2), SU(3).

What about light scalar mediators?



We talked about gauge theories
U(1), SU(2), SU(3).

What about light scalar mediators?
And why do we care?

Hidden sector models, sfelfo! @
€.g. seli-interacting DM




What do force mediators do?

* Generate potential - Sommerfeld effect, bound states.

 Provide channel for transitions via on/off-shell emission.
Spin of the emitted mediator determines selection rules.

In many realistic models, including WIMPs:
different mediators present



Bound-state formation
via emission of a neutral scalar



Lagrangian

Neutral scalar mediator
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Neutral scalar mediator
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Neutral scalar mediator
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Neutral scalar mediator

Bound-state formation amplitude
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Bound-state formation
via emission of a charged scalar
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Scalar DM X,X" coupled to
doubly charged light scalar mediator @
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Scalar DM X,X" coupled to
doubly charged light scalar mediator @
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Scalar DM X,X" coupled to
doubly charged light scalar mediator @
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Scalar DM X,X" coupled to
doubly charged light scalar mediator @
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Scalar DM X,X" coupled to
doubly charged light scalar mediator @

— DM coupling to gauge vector boson
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Scalar DM X,X" coupled to
doubly charged light scalar mediator @
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Effect on relic density: el

work in progress with
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Bound-state formation
via Higgs doublet emission
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Renormalisable WIMP models
with coupling to the Higgs

In some of the prototypical WIMP DM models,
DM is the lightest linear combination of the neutral component of
SU(2) multiplets that couple to the Higgs

oL DO —anHXn+1 + h.c.

Includes many supersymmetric scenarios,
e.g. Wino-Higgsino, coloured coannihition

If m>5 TeV, DM freeze-out begins before electroweak phase transition.
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Doublet-Singlet coupled to the Higgs

1_ _ _ _
0L = 55(@6 —mg)S + D(P — mp)D — (yy DLHS + yrDrHS)+ h.c.

for simplicity, set: YL = YrR =1, Mg =Mp=m
S 1 0 —1
D 2 1/2 | -1
H 2 1/2 | +1

Calculate all cross-sections and freeze-out
in the symmetric electroweak phase.
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Doublet-Singlet coupled to the Higgs

Non-relativistic potentials
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Doublet-Singlet coupled to the Higgs

Bound-state species (n=0, Z=0)
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Doublet-Singlet coupled to the Higgs

Bound-state formation cross-sections

m = 20 TeV, ay = 0.2
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* BSF via scattering on plasma has no effect
* Departure from ionisation equilibrium at T < binding energy
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Doublet-Singlet coupled to the Higgs

Bound-state formation cross-sections

m = 20 TeV, ay = 0.2
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* BSF via scattering on plasma

has no effect

(scattering kind of important for
bound-to-bound transitions )

Departure from ionisation
equilibrium at T >> binding
energy

(because of largeness of
monopole BSF cross-sections)
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Doublet-Singlet coupled to the Higgs

Effective cross-sections

M,, =20 TeV, o= y2/(4m)=0.2
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Doublet-Singlet coupled to the Higgs

Timeline
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Doublet-Singlet coupled to the Higgs
Relic density
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Doublet-Singlet coupled to the Higgs
Relic density
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Conclusion

As Martin Beneke said:

The electroweak sector is
very interesting!
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