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Dark matter, Iiglﬁt scalars and GW/GR

Lam Hui
Columbia University




B e o addio= -—-—-...__, - - .

- 3

e B s g, gy i

How much dark matter is there?

M ~ 10300 i
2 (103 GeV /cm3

)(

r

103 km
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Light scalars (or bosons) have interesti ng collective egects,

which can greatlg enhance their clensity.

Examples:

1 Superracliance, where the light scalar needs not be dark matter.

2. Dark matter is a light scalar.

Work done with Jerry Ostriker, Scott Tremaine, Edward Witten
and with Greg Bryan, Xinyu Li
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L:ght axion dark matter massm ~ 10722t ey "I dark matter

Hu, Barkana) Gruzinov

A natural candidate for such a light Par‘cicle IS a Pseudo Nambu-Goldstone

]DOSOH :

Concrete realization: an angular field of Periodicitg 27 F 1.e.an axion-like field "

with a Potential from non~Perturbative etfects (not QCD axion).

£~ —5(09)% — AY(1 — cos [¢/F)

m ~ A*/F
Relic abundanCC: o0 I (standard storg _see Kolb & Turner;
- z R review 139 Marsh)
V(9) s . |
&/ ¢ ~ F at early times until H ~ m
3 LEl Po ™~ m?F? S e H2M§1 ~ m2M§1 ~ T* :

subsq. oscill. : pg o< a”
self — interaction can be ignored

s~ (orey) (et
matter ™ S :
1017 GeV 1 2deV. (low scale inflation)
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5 Dynamics of afree massive scalar
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| gnoring self-interaction:

Non-relativistic limit:

il < mly| — = |

B o =0

¢ = —

1

vV 2m
v2

m

= o ] Y

1~ 0.06 pc
(mv)™! ~ 2 kpc (10kms™ " /v)

[we—zmt 8 ¢*6zmt}

High occupancy implies @b should be thought of as a classical scalar.
See simulations ]Dg Hsi-Yu Sclﬁive, Tzil'wong Chiueh & Tom Broadhurst,

Mocz et al., Veltmaat & Niemeyer.

An alternative viewPoint: w as a (classical) fluid.

p=ml|?

e. Y =1+/p/me¥

Recall conservation of Probab’litg current o (Voo™ — p*V))

Remterpretecl as conservation o1C mass:
p+V-pv=0 where v = —V@

m
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Fluid formulation (Madelung)

Euler equation:

1 Ve
2m? VP

o

“quantum Pressure”

More Preciselg, an unusual form of stress:
1
Ty = poiv; + 5—5 [0iv/P 93/p — /P 8:0;/p]
Can be implementecl in standard hgclrodgnamics codes (Mocz & Succi).

For linear Per’turba‘cions (on cosmological bgcl.):

Jeans scale ~ 0.1 Mpc

Perturbations suPPressecl on small scales - could help avoid small scale Problems |
of standard CDM (Hu, Barkana, Gruzinov: Fuzzy DM ; Amendola, Barbiert) .

Tgpical focus: densitg Proﬁle (cusp versus core), number of satellite galaxies.

[ssue: bargonic etHects complicate the intérpretation of the data.
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Possible cjiagnostics of FDM vs conventional CDM:

- clgnamical friction

~ eval:)oration of sub-halos ]39 tunneling
- interference

- tidal streams and gravitational lensing

& heating of stars

~ Lgman-—alpha forest

_ direct detection
~ detection bg Pulsar timing array

- vortices

= compac’t solitons
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Possible cjiagnostics of FDM vs conventional CDM:

= clgnamical friction

& CVEHPOFatiOﬂ OF sub~halos ]Dy tUﬂﬂCliﬂg

- interference Vi i e I

_ tidal streams and gravitational lensing
_ heat ng of stars

~ Lgman-alpha forest
_ direct detection
~ detection bﬂ Pulsar timing array

- vortices

= compact solitons
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Possible cliagnostics of FDM vs conventional CDM:

- clgnamical friction

~ eval:)oration of sub-halos ]39 tunneling

_ interference Vo o e N e SR
- tidal streams and gravitational lensing

- heati ng of stars

~ Lgman-alpha forest

_ direct detecti
el Khmelnitskg & Rubakov
- detection bg Pulsar timing array ) \/
_ 7
- vortices

= compact solitons
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Possible cliagnostics of FDM vs conventional CDM:

= clgnamical friction

& CVEHPOFBtiOﬂ OF sub~ha|os bﬂ tUﬂﬂCliﬂg

- interference Vi i e I

_ tidal streams and gravitational lensing

e S S -

_ heat ng of stars

~ Lgman-alpha forest

- direct detection
Khmelni’cskg & Rubakov
; S V

_ detection bg Pulsar tlmmg array (¢) \\.//
g ortices Schive et al. :
l, e T 109M@ in Virgo I
- compact solitons 0 7\ 2 o i
10 ]
e (ﬁp) e Bt (1017 Gev> j
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Possible cliagnostics of FDM vs conventional CDM:

= clgnamical friction eHect on event rates?

& CVEHPOFatiOﬂ OF sub~ha|os bﬂ tUﬂﬂCliﬂg

- interference Vi i e I

_ tidal streams and gravitational lensing

! e P i e A e A -

_ heat ng of stars

~ Lgman-alpha forest

- direct detecti
Irect actecuon Khmelni’cskg & Rubakov
- detection by pulsar timing arra Vi)
yp garray <
s vortices Schive et al.

l' Msotiton ~ 10° Mg in Virgo r:'

~ compac’t solitons : |
= F M 101901 7

7 ~ ﬁp max ™ ® 1017 Gev F
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Scalar as BH hair - EFT for black hole Perturbations

1. Tim@-dependent scalar for inflation

S F~Cl€P€ﬂCl€ﬂt scalar {:Ol” black hOlC.

2. Slow-rol] exPansion for inﬂationary Perturbations

—> “heont-ring” expansion tor quasi-normal modes aroun ack hole.
light.ring? expansion for o d black hol

Work done with Gabriele Franciolini, Riccardo Penco,

L uca Santoni & Enrico Trincherini.

Related to large literature on Parametrizing deviation from GR.
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