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dark matter mass ?

Spin

Not DM

spin?  self-interactions ?

- large occupation numbers

- Classical hields/wave dynamics

- microscopic to astrophysical scales

N >1

huge dark sector ?

Ae ~ 10nm (10eV/m) ~ 10° Rg, (107 eV /m)

see Bertone, Hooper for
a review, and references

therein
eV keV GeV M) M Mass
| | | | >
! | U |
Ultra-light DM “Light” DM WIMP ;)(\)1[1 1POSIL Primordial BHs
Limit

thermal relic

image credit: E. Ferreira


https://arxiv.org/abs/1605.04909

(non-topological) soliton

long lived, coherent states of a field, formed due to a balance between nonlinearities and/or dispersion

* discovered in nonlinear waves in water in canals (John Scott Russell, 1834)
* optics, hydrodynamics, BECs, high energy physics, and cosmology
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spin-s field as dark matter
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non-relativistic limit = multicomponent Schrodinger-Poisson

spin-s fields as dark matter
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scale separation
- phenomenology/numerical simulations



extremally polarized solitons Cw—_ 2w imow

(focus on lowest energy states, no orbital angular momentum) Ot T%L
V2P = Tr[W'w
PRD 105 (2022) 5, 056019 = -—5 11| |
2mz,

extension to FRW: d; = d; + 3H/2,V -V /a

spin-s fields as dark matter

Q
Klein-Gordon (s =0) 57
=
‘D S5 2s+1 component .
% + Proca (s =/1) non-relativistic limit @ + \ 1: s+1 solitons s=1
5 2 Schrodinger
. . § N
Fierz-Pauli ' (s = 2) = 9

Macroscopic/Astrophysical intrinsic spin

I
+ ¥ =
spin multiplicity A= 0 1 2

Degenerate; can form infinitely many partially polarized solitons
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scale separation macroscopic spin
- phenomenology/numerical simulations N = # of particles in soliton

- also see Salesian et al, Adshead et al, Aoki et al.
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see 2111.08700 for vector Oscillons (w/o gravity)
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VDM

SDM

2203.11935

Phenomenology

Gravity ~ gradient pressure (no/negligible self interactions) \
~ less interference in VDM
~ less dense granules in VDM

- VDM Halo cores can have
huge spin

. .
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t/ tdyn — - also see Gorghetto et al
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SM coupling and radiation
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non-topological solitons Many phenomenological implications
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