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formation mechanisms?

misaligned scalar + self-interactions!?

gravitational in late universe

Gorghetto, Hardy, March-Russell, Song & West (2022)




motivation & introduction




dark matter mass !
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dark matter spin !

Spin 4
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light, bosonic wave dark matter
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vector dark matter
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non-relativistic limit = multicomponent Schrodinger-Poisson
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non-relativistic limit
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non-relativistic limit = multicomponent Schrodinger-Poisson

W), =1, withe1=1,2,3  vector case
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W, =, with s =1 scalar case

oeneralization to s spin-s field field in Jain & MA (2021)



conserved quantities

N = / ABxWW, and M =mN, (particle number and rest mass)
- h? Gm? d?y :
E= [d° TV vy / Wi (y)Ww
/ e AR 5 ppep— (Y)W(y)|, (energy)

Pz iV x W' (spin angular momentum)

L=h / d’x R (z WIvW x w) . (orbital angular momentum)



interference
vector vs. scalar DM:

two key differences polarized solitons

analytics



wave interference

SDM VDM




reduced wave interference in VDM

s = 0 for SDM and s = 1 for VDM
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solitons in massive spin-0 (scalar fields)
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“polarized” vector solitons




“polarized” vector solitons

W (t, ) = Y1 (p, r)ei“CQt/he efe =1
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“polarized” vector solitons

W (t, ) = Y1 (p, r)ei“CQt/he efe =1
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N = + of particles in soliton

- all lowest energy for fixed N

- bases for partially-polarized solitons




a different higher energy soliton: the ‘“hedgehogs”

earlier literature

» hedgehogs
W;(x,t) = f(r)— coswt, not ground states
r




interference
vector vs. scalar DM:

two key differences polarized solitons

3+ | dimensional simulations
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radial density profiles

scalar vs. vector dark matter

o« less dense & broader core

e smoother transition to r -J tail

MA, Jain, Karur & Mocz (2022)
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radial density profiles

vector vs. scalar dark matter

»  shape ditference

e smoother transition to 77 tail
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2-point density correlation

same Agp 1n the outer regions.




gravitational implications (examples)

- dynamical heating of stars
Church et. al (2021), Dalal & Kravtsov (2022)

- cusp-core, diversity

- lensing




core-halo mass relation
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merger tree
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Intrinsic spin




spin density
s = ihW x Y

Spin

Szh/d%iﬂlx\lﬁ

s = (2me/ M)W x (W — VW)
MA, Jain, Karur & Mocz (2022)



generation of spin density
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spin with self-interactions: vector oscillons
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self-interaction supported
NOT degenerate in energy

spin-spin interaction matters!
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implications of non-zero spin solitons?




gravitational wave-form

Helfer, Lim, Garcia, MA (2016)

above for compact scalar solitons using full numerical GR



MA, Long, Mou & Saffin (2021)

MA & Mou (2020)

Motivated by earlier work by Hertzberg & Schippacaise (2018)
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formation mechanisms?

misaligned scalar + self-interactions!?

MA & Mocz (2018)

gravitational in late universe

Gorghetto, Hardy, March-Russell, Song & West (2022) Schive et. al (2014)




gravitational particle production to nonlinear structures

cannot easily do ultralight dark photons 1
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abundance and detection
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misalighed axion to dark photons to nonliear structures

can do ultralight dark photons

Agrawal et.al (2018)
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Placeholder, this is for scalars Co, Pierce, Zhang, and Zhao (2018)
Dror, Harigaya, and Narayan (2018)

Bastero-Gil, Santiago, Ubaldi,Vega-Morales (2018)



generalization to arbitrary spin




spin-s field as dark matter

Klein-Gordon (s =0)

+ Proca (18 [ )

Einstein

Fierz-Pauli ' (s = 2)

Jain & MA (2021)



non-relativistic limit = multicomponent Schrodinger-Poisson

spin-s fields as light dark matter

Klein-Gordon (s =0)

2s+1 component

_|_

L Proca (s =/1) non-relativistic limit Sehntdinees

Einstein
Poisson

Fierz-Pauli ' (s = 2)

-phenomenology /numerical simulations

- interference ~1/(2s+1)

Jain & MA (2021)



extremally polarized solitons

spin-s fields as dark matter
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spin multiplicity A = 0 1 2
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N = 4 of particles in soliton

Jain & MA (2021)



non-topological solitons

spatially localized, coherently oscillating, long-lived

6 scalar star

spatially localized
. coherently oscillating (components)
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the near future to do list ...




future possibilities ...

- formation and survival mechanisms

- BH superradiance with higher spin fields* (already done)

- dynamical friction

- vortices

- direct /indirect detection (interaction with baryons? photons? kinetic mixing)
- condensation time scales

- lifetimes of higher spin solitons

- initial power spectrum of fluctuations in the fields



