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s dark matter a particle, or is it a fluid?

On cosmological scales:
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On galactic scales...?

Non-cuspy density profiles

Baryonic mass correlated to circular velocity
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s dark matter a particle, or is it a fluid?

FUZZY dar.k matter Hu, Barkana, Gruzinov 2000
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s dark matter a particle, or s it a fluid?

Superfluid dark matter
Berezhiani & Khoury 2015

DM forms a superfluid
condensate around galaxies

Phonons mediate a fifth force
that reproduces the Baryonic
Tully-Fisher Relation
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How to distinguish particle dark matter from dark matter as a fluid?

Dynamical friction
Rgr

(1) A perturber moves through a
uniform cloud of particles

(1) An overdensity builds up behind
the perturber

(1) The gravitational attraction of e ——
the overdensity slows the perturber B

Benjamin Elder 5 University of Nottingham



Dynamical friction force [4r(GM)?pocy
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Dynamical friction force [4r(GM)?pocy
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Dynamical friction force [4r(GM)?pocy
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Hydrodynamical description of superfluid dynamical friction
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Hydrodynamical description of superfluid dynamical friction
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Hydrodynamical description of superfluid dynamical friction
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Hydrodynamical description of superfluid dynamical friction

Low-momentum cutoffs

Cutoft |: size of superfluid cloud

g

Cutoft ll: Jeans scale
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Use whichever cutoff whose scale is higher:
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Hydrodynamical description of superfluid dynamical friction

High-momentum cutoffs

Cutoff |: size of perturber Hsr

(or linearization breaks down)
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Results |: small superfluid core

A G*M?py n min (QWR;bljectv k)
V2 max (27TRS_F1, kJ)

Small superfluid core (Rsp < kJ_1)

Dimensionless force
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Results |l: large superfluid core
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Quasliparticle description of superfluid dynamical friction
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Quasliparticle description of superfluid dynamical friction
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Rate of energy loss: |F| == = /wk dl —> §F| =

max



Quasliparticle description of superfluid dynamical friction
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