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Dark Matter: where to look?
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Similar behaviour at large-scales

Scale of ~30 Mpc, Schive et al. 1406.6586




Similar behaviour at large-scales

m ~ 10722 eV Scale of ~30 Mpc, Schive et al. 1406.6586

We see differences at small scales
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On top this, there are wishful properties (‘miracles’)

does it help in astrophysical observation”
s It ‘naturally’ produced in the early Universe?

S It theoretically motivated by other ‘principles’/theory concerns?
can we detect it in the laboratory?

can we single it out in astrophysical data”
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2 natural barriers: ULDM and Tremaine-Gunn

10~ %%eV eV GeV  100Tev Mpi 10M




(ULDM does not behaves as CDM at small-scales

Description as a particle, as a classical field or as DF?

e.g. Milky way DM halo

) typical distance between particles d ~ n=Y3 ~ (M/(mV))™1/3 ~ 20 kpe/(10° Mg)Y/ 3mt/3

1) typical size of particle wavepacket inthe halo L 2 1/(muwesc) ~ 190 (
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become degenerate close to this limit
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(ULDM does not behaves as CDM at small-scales

Description as a particle, as a classical field or as DF?
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e.g. Milky way DM halo

) typical distance between particles d ~ n~Y3 ~ (M/V)~Y3 ~ 20 kpe/ (10 M)/3
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become degenerate close to this limit - field theory description
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ULDM does not behaves like CDM at small-scales
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Milky Way Close to /Idb

In terms of fluid variables (e.g. p & m?¢?:
gravitational potential

¢k ~ e I(wt—kx)

Virialized configuration: collection of waves .
with distribution determined by properties from the galaxy .
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ULDM does not behaves like CDM at small-scales
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New phenomenology from ULDM

DM small scale dynamics

C) changes dynamics at smaller

scales

Schive et a
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New phenomenology from ULDM: 3 examples

A) coherent oscillations o

Searching for dark-matter waves with PPTA and QUIJOTE pulsar polarimetry a = ag Cos@t e ¢O)

Andrés Castillo (Laguna U., Tenerife), Jorge Martin-Camalich (Laguna U., Tenerife), Jorge Terol-
Calvo (Laguna U., Tenerife), Diego Blas (Barcelona, Autonoma U. and Barcelona, IFAE), Andrea
Caputo (Tel Aviv U. and Weizmann Inst.) et al. (Jan 10, 2022)

Huge landscape of possibilities
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New phenomenology from ULDM: 3 examples

A) coherent oscillations

Huge landscape of possibilities
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New phenomenology from ULDM: 3 examples
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New phenomenology from ULDM: 3 examples

C) changes dynamics at smaller scales
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Conclusions

Ultra-light bosonic DM (or light fermionic DM)

B Includes new dynamics that open new phenomenological windows

B [wo directions
explore all possible masses, with different time scales

explore direction of possible couplings

A) coherent oscillations

B) stochastic ‘narrow’ piece

C) changes dynamics at smaller scales




Properties of the soliton
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