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Dark matter: que sera, sera?
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Que sera, sera? WIMP?

Most ‘natural’ candidate: connection to Hierarchy Problem
Thermal production banner bearer
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Blooming both experimentally and theoretically 

Electron scattering, semiconductors, helioscopes,  
Haloscopes, oscillating EDM, comagnetometers

Que sera, sera? Materia oscura ligera?



For high occupation number field description

e.g. massive scalar case �(x, t)

⇤�(x, t) +m2�(x, t) = 0

Take the dark matter mass and dial it down

�p ⇠ p
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Occupancy

Field vs particle

Field given by solution to E.O.M.

Nps ∼ 4πn2Δn ∼ 4π ( ℓ
λ )

3

Nχ = nχℓ3 =
ρχℓ3

mχ
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∼ 102 eV4
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Que sera, sera? Materia oscura ligera?
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Que sera, sera? Materia oscura ligera?

[Hu, Barkana & Gruzinov ’00]
[Hui, Ostriker, Tremaine & Witten, ’17]



Says the naturalist: why would it be so light?

a) It is as unnatural as it can get!

b) it has one single motivation



Says the naturalist: why would it be so light?

a) It is as unnatural as it can get!

b) it has one single motivation
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Missing satellite Core/Cusp

[Hu, Barkana & Gruzinov ’00]

[Hui, Ostriker, Tremaine & Witten, ’17]

The experimental case of UDM



Why would it be so light?

Goldstone bosons ! 

have their masses protected by shift symmetry

Still, how does it get its mass though?

θ

θ → θ + α



Why would it be so light?

Still, how does it get its mass though?

…there is one unavoidable source of breaking

Gravity!
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Estimating the effect

V̂ =
cf5

MPL
cos(✓)
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But the argument we have involves black holes 
i.e. non perturbative!

The naive expectation for an EFTist 
The graviton couples with    

so.., 
MPL
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[Kamionkowski, March-Russel, 92’]

Or maybe 



Looking the effect: semi-classical

Are there non-trivial EOM solutions?

∫ d4xE g (−
M2

PLR
16π

+
f2

2
∂μθ∂μθ)

Let’s turn to Euclidean, and look for 
non-perturbative dynamics 



ds2 =

✓
1

1� L4/r4

◆
dr2 + r2d⌦3,1

Charge
Z

J0 =

Z
d⌦3

p
g@r✓ = n

@r✓ =
n

2⇡2r3

L ⌘
✓

n2

3⇡3M2
Plf

2
a

◆1/4

[Giddings & Strominger NPB 306 890 (1988)]
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Noether current

Gravitational instanton

Instantons (wormholes)
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[Hawking PRD 37 904 (1988)]

“Any reasonable theory of quantum gravity will allow closed  
universes to branch off from our nearly flat region of spacetime”

What is going on?
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What is going on?
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[Coleman NPB 310 643 (1988)]

Summing over instantons
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Gravity generates a potential for the NGB:

The naive expectation  
 for an EFTist
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[RA & A. Urbano, ’17]
Instanton V

‘EFT’

Comparative of estimates
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Gravity as mass source

Could this be dark matter?



Ω = 0.1 ( f
1017GeV )

2 m
10−22eV

f ≃ 8 × 1015GeV
m = 2.5 × 10−18eV

1/T

For the mass generation via instantons

∂2θ + 3H ·θ + m2θ = 0

Production? misalignment



Comparative of estimates

f ≃ 8 × 1015GeV
m = 2.5 × 10−18eV

Testable via its gravitational interactions 
 e.g. Gravitational Waves from super-radiance

[Brito, Ghosh, Barausse, Berti, Cardoso, Dvorkin, Klein, Pani  ’17]

Hard to see on laboratories... 



Summary

U(1) Goldstone + Gravity

Dark Matter

=



Radial mode
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[RA & A. Urbano, ’17]

Other applications: QCD axion



Effective action below L
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Transitions described by the action:

Vacuum state
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Holes


