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The quest for Dark Matter

Axion-like particles (ALPs)

Jaeckel et al. Showmass 2021
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e Prominent problem in modern physics AL 0 P00 0 10 0 0 e AP AT A A A8 A® A® 4

A0 10

e Natural in physics beyond the SM (WIMPs, Mg [eV]
axions, dark photons, ...)

e Very rich diversity of experimental signatures Huge parameter space to be explored
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What are ALPs?

e ALPs are bosonic (scalar) particles
e Theoretical Motivation: Strong CP problem (QCD axion) or String Theory (Axiverse)
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e ALPs are the prototype of (non-thermally produced) ULDM wmarsh2014
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e Relevant parameters
e The axion decay constant /, (high-energy dynamics)

e Mass of the axion 1,



Wave dark matter
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Phenomenology of wave DM

Wave-like behaviour at kpc scales
e Interference patterns/fringes
e Core (soliton) at center of galaxies
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Axion-light interactions

Axion-induced birrefringence effect
e Polarization dependent d.r.
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Bounds on ALP-photon coupling from QUIJOTE+PPTA

Strongest limit in m,, ~ 107 eV
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Bounds on ALP-photon coupling: What's next?

Collaboration with EPTA

Polarisation measured for 24 yr e Far from vanilla ALP-DM. However:

1. Enhancements can appear in models
2. Charting unexplored territory
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ULDM and galaxies

Small-scale problems
e Missing satellite problem
e Cusp-core problem
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e Complicated baryonic feedback?
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e Non CDM behaviour at small scales?
e Self-interacting DM
e Degenerate fermionic DM
e ULDM - fuzzy DM




ULDM and galaxies

Small-scale problems
e Missing satellite problem
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e Complicated baryonic feedback?
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e ULDM - fuzzy DM

0'M,

etal. 2014

scales?




The soliton in ULDM

Review in Lam Hui, Ostriker, Tremaine, Witten 2017
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The Schrodinger-Poisson Equations
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e Eigenvalue problem

« Depends on 1, and re-scaling parameter 4
e Soliton: Ground-state solution
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The soliton-halo relation

e Properties of soliton (1) determined by M,

e Obtained from simulations Diversity of Soliton-halo relations
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Confronting ULDM to rotation curves

Nearby dwarf irregular galaxies
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Self-consistency of ULDM
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Challenging data

e Find robust/clean systems? Add more data/effects (stellar kinematics)?
e Nature of errors, purging outliers, degeneracy of parameters ...
e Assistance from G. Bataglia, N. Trujillo, J. Sanchez



Summary activities of AT @ IAC

Members of the group
e |P: J. Martin Camalich
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e Postdoc: A. Castillo
e PhD: J. Terol-Calvo (2), A. Banares (1)
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Other projects
e Stellar cooling and ULDM: Impact of heavy flavours in SN
e Early Universe particle physics: Baryogenesis and thermal axions
e Sensitivity of TMS to axion flux from GC
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