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SIMPlest scenario

Dark QCD-like sector provides an appealing realisation of SIMP!

Dark pions have 5-point interactions due to the anomalous WZW term in ChPT:
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Breakdown of the SIMPlest scenario
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QCD - like sectors

G Representgtlon o1 Complex Pseudoreal Real
the fermions

Example:

<qq> # O fundamental of SUWN,) Sp(Ne) O(N,)

Chiral symmetry
breaking pattern SUNp) X SUNE)/ISUNp) | SURZNg)/Sp(2Ng)  SU@2Ng)/SO(2Np)

H Number of pions Nz -1 QNp + D(Np—1)  Np2Np+1) -1

Minimal scenario:

Sp(N.) theory with N, = 2 dark pseudoreal quarks (G = SU (4)

« anomalous interaction is present i = N — 5
T

* pions with equal masses at leading order H — Sp ( 4)

» lattice data exists, e.g. for N. = 4




Hidden Local Symmetry (HLS)

We have to include the vector mesons!

nonlinear ¢ - model on manifold G/H

¢

gauge theory with global X Hi5cq)

Gauge a subgroup to introduce  \/ector mesons as gauge bosons

the external field For H = Sp(4), N, = 10 fields V;‘ (“p” - mesons)

e.g. dark photon Z HLS would-be Goldstones are absorbed = Mp * 0
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HLS Lagrangian

HLS provides consistent power counting rules for M, <M , < 4zk’.

LO Lag rangian: Mass mixing between a vector

28 , meson and dark photon
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HLS Anomalous Lagrangian
Reproduces the anomalous Ward identities of UV QCD-like theory.
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SIMPlest 5-point interaction
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Number changing processes within the dark sector

Currently implemented
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Further processes?
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Interaction with the visible sector

Kinetic mixing between dark photon and SM photon:
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Boltzmann equations

N,=5 N,=10
The evolution of total densities: 7, = g, MN,= 2 n,
=1 =1
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Freeze-out scenarios

Qh?=0.12, m,/m, =17, m,/m, =3
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Interactions responsible for freeze-out

QOh? = 0.12, m, /m; =3
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Constraints on freeze-out scenarios

QOh? = 0.12, m, /m; =3
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Summary

 Realistic dark matter scenarios with QCD-like theories include vector mesons
 HLS theory can be used for a consistent description of dark QCD-like sectors

 QCD-like dark sector have rich phenomenology both in cosmology and beam
dump experiments
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Thank you for your attention!
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Different freeze-out scenarios
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Interactions responsible for freeze-out
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