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WIMP freeze-out

dark matter in thermal equilibrium:

N \/
D S N
/N /\
(co)-annihilation freeze-out

\__ J/ __universe /
/ \ " expands /

< —>




FIMP freeze-out

small coupling: dark matter leaves chemical equilibrium
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co-scattering mediator annihilation
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FIMP freeze-out

small coupling: dark matter leaves chemical equilibrium
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Characteristics of co-scattering

» number densities related:
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Models with co-scattering
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Models with co-scattering
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Co-scattering at 100 GeV

Higgs portal to dark fermions (naturally small)
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Co-scattering at 100 GeV

Higgs portal to dark fermions (naturally small)
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Co-scattering at 100 GeV

Higgs portal to dark fermions (naturally small)
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dark sector decouples

Phases of freeze-out

pair annihilation
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LHC signatures: displaced vertices

Suppressed mediator decays: — |

Signals: soft displaced bottom / tau pairs & missing energy.

disappearing charged tracks.

Nagata, Otono, Shirai 2015; Garny et al. 2017; Filimonova, Westhoff 2018 12



LHC signatures: soft displaced leptons

Signal: one/two soft displaced lepton(s) and missing energy.

Background: seemingly isolated leptons from meson decays.

Bharucha et al., 2018; Filimonova, Westhoff 2018; Junius et al. 2019
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How displaced?
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Transverse impact parameter typically O(mm) - O(cm).
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How soft?
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LHC searches for co-scattering at 100 GeV

scalar scenario
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From heavy to light co-scattering dark matter

Essentials for co-scattering: _ N
relative number densities
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Co-scattering Is not tied to a mass scale. J
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From heavy to light co-scattering dark matter

Essentials for co-scattering: _ N
relative number densities
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Dark matter at 100 MeV:
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Co-scattering at 100 MeV

! ! | " :scalar SM singlets

\/3/| ' g : new U(1) boson
/\!\ I 1 0.01 : scalar mixing
/ \ | 11 10 “: kinetic mixing

Mediator annihilates into extra dark state.

dOAgnolo et al. 1906.09269 19



Co-scattering at 100 MeV

relic dark matter abundance
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Co-scattering at LHCD

Signatures from dark photon decays:
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Notice: Dark photon is just an example of a co-scattering mediator.
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Co-scattering pheno below the GeV scale
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Take home

Features of co-scattering dark matter:

o small coupling to visible matter

O compressed dark sector

O freeze-out works for a wide range of energies

Weak-sca

O softo

e dark matter : AT

Isplaced lepton or

O disappearing tracks

LAS & CMS

D-jet palrs

Sub-GeV dark matter : opportunity for LHCDb

O soft (potentially displaced) lepton pairs

O semi-visible meson decays
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Backup
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Soft displaced leptons

Main background: leptons from decaying B hadrons (HF)
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discriminators:

o impact parameter dp

I
o transverse momentum Py
o lepton isolation
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Dark photons at LHCDb
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