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huge dark sector ?self-interactions ?spin ?

see Bertone, Hooper for 
a review, and references 

therein

https://arxiv.org/abs/1605.04909
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- microscopic to astrophysical scales

- large occupation numbers

- Classical fields/wave dynamics

<latexit sha1_base64="k8MTn9ZasLJTCZiD6X4PNZ/LPOI=">AAAB73icbVBNS8NAEJ3Urxq/qh69LJaCp5JIUY9FL56kgv2ANpTNdpMu3Wzi7kYooT/Ck6AgXv09nvw3btMctPXBwOO9GWbm+QlnSjvOt1VaW9/Y3Cpv2zu7e/sHlcOjjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yc3c7z5RqVgsHvQ0oV6EQ8ECRrA2UvcODcIQucNK1ak7OdAqcQtShQKtYeVrMIpJGlGhCcdK9V0n0V6GpWaE05ldG6SKJphMcEj7hgocUeVl+b0zVDPKCAWxNCU0ylX710SGI6WmkW86I6zHatmbi/95/VQHV17GRJJqKshiUZBypGM0fx6NmKRE86khmEhmjkVkjCUm2kRkmxTc5Z9XSee87l7UG/eNavO6yKMMJ3AKZ+DCJTThFlrQBgITeIZXeLMerRfr3fpYtJasYuYY/sD6/AFixY7d</latexit>

N � 1

huge dark sector ?self-interactions ?spin ?

see Bertone, Hooper for 
a review, and references 

therein

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



solitons with both gravity and self-
interactions, axion stars



Yang-Mills stars

solitons with both gravity and self-
interactions, axion stars

PRD 105 (2022) 5, 056019;

arXiv:2203.11935

PRD 105 (2022) 9, 096037

arXiv:2205.03418

Executive Summary

- Couplings with the Standard Model, 
signatures due to intrinsic spin 
polarization;

- Source gravitational waves?

- Cores of galaxies

- so much more

huge (macroscopic) 
intrinsic spin!

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.056019
https://arxiv.org/abs/2203.11935
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.096037
https://arxiv.org/abs/2205.03418


spin-s field as dark matter 

macroscopic spin 
N =  # of particles in soliton

scale separation 
- phenomenology/numerical simulations



non-relativistic limit = multicomponent Schrödinger-Poisson

scale separation 
- phenomenology/numerical simulations

spin-s fields as light dark matter

extremally polarized solitons

macroscopic spin 
N =  # of particles in soliton

scale separation 
- phenomenology/numerical simulations

spin-s fields as dark matter



extremally polarized solitons

macroscopic spin 
N =  # of particles in soliton

scale separation 
- phenomenology/numerical simulations

spin-s fields as dark matter

Degenerate; can form infinitely many partially polarized solitons

(focus on lowest energy states, no orbital angular momentum)

- also see Salesian et al, Adshead et al, Aoki et al.

Macroscopic/Astrophysical intrinsic spin

PRD 105 (2022) 5, 056019

https://arxiv.org/abs/2104.10128
https://arxiv.org/abs/2101.07265
https://arxiv.org/abs/1710.05606
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.056019


extremally polarized solitons

macroscopic spin 
N =  # of particles in soliton

scale separation 
- phenomenology/numerical simulations

spin-s fields as dark matter
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+ @ †Vself

(focus on lowest energy states, no orbital angular momentum)
arXiv:2205.03418

Degenerate; can form infinitely many partially polarized solitons

Macroscopic/Astrophysical intrinsic spin

PRD 105 (2022) 9, 096037

https://arxiv.org/abs/2205.03418
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.096037


Attractive self 
interactions

~ gradient pressure
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- Chavanis, Schiappacasse et al, Hertzberg et al, Croon et al,…
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Gravity ~ gradient pressure

attractive self interactions

https://arxiv.org/abs/1103.2050
https://arxiv.org/abs/1710.04729
https://arxiv.org/abs/2010.07927
https://arxiv.org/abs/1810.01420


Gravity ~ gradient pressure
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U(1) Abelian Higgs, heavy Higgs 

Linearly polarized

Circularly polarized

arXiv:2205.03418

see 2111.08700 for vector Oscillons (w/o gravity) <latexit sha1_base64="rHT7iZhFXOVstixtOjGuHFs8MSY="></latexit>
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~ gradient pressureattractive self interactions
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gmax ⇠ 10�2 � 10�3(Bullet cluster)

https://arxiv.org/abs/2205.03418
https://arxiv.org/abs/2111.08700
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repulsive self interactions ~ gravity

Repulsive self 
interactionsGravity ~ gradient pressure
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Higgsed SU(2) Yang-Mills, heavy Higgs 

carry spin or isospin  
(two ~ degenerate objects)

carry both spin and 
isospin

arXiv:2205.03418

Gravity ~ gradient pressure
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gmax ⇠ 10�4 � 10�5(Bullet cluster)

~ gravity

https://arxiv.org/abs/2205.03418
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spin-0Gravity ~ gradient pressure (no/negligible self interactions)

2203.11935

- less interference in VDM 

- less dense granules in VDM 

- VDM Halo cores can have 
huge spin

- also see Gorghetto et al

2203.11935

Phenomenology

https://arxiv.org/abs/2203.11935
https://arxiv.org/abs/2203.10100
https://arxiv.org/abs/2203.11935


- Amin et al - Amin et al

SM coupling and radiation

“Searching for axions at Magnetic White Dwarfs”
- Dessert et al

https://arxiv.org/abs/2103.12082
https://arxiv.org/abs/2009.11337
https://arxiv.org/abs/2203.04319


- Amin et al - Amin et al

SM coupling and radiation
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Summary

huge (macroscopic) 
intrinsic spin!

Yang-Mills stars

solitons with both gravity and self-
interactions, axion stars

PRD 105 (2022) 5, 056019;

arXiv:2203.11935

PRD 105 (2022) 9, 096037

arXiv:2205.03418

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.056019
https://arxiv.org/abs/2203.11935
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.096037
https://arxiv.org/abs/2205.03418


- Relativistic corrections (also see 
PRD 105 (2022) 9, 096037); Post 
Newtonian corrections       sourcing 
gravitational waves

- Couplings with the Standard Model, 
signatures due to intrinsic spin 
polarization;

- Dwarf galaxies core radius vs 
density relationship

- so much more

Thanks!

Many phenomenological implications

Yang-Mills stars

solitons with both gravity and self-
interactions, axion stars

PRD 105 (2022) 5, 056019;

arXiv:2203.11935

PRD 105 (2022) 9, 096037

arXiv:2205.03418
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