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López Nacir, FU arXiv:1803.soon V and arXiv:18not.so.soon T
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What the fuzz?

C Fuzzy DM is a very (very) light DM field, usually with m� 1 eV

We will work with the lighter end of the spectrum: m . 10−19 eV
PS: Below m ∼ 10−23 eV fuzzy DM is incompatible with large-scale

structures

] All we need is a potential dominated by the mass term 2V = m2τ 2

This is the typical situation for QCD axions and ALP models, but can be
extended to vectors and tensors

i Late Universe dynamics: τ̈ + 3H τ̇ + m2τ = 0

a. This means that τ ∝ a−3/2 × cos(mt)
b. This means that the EMT is a−3 × (1, cos(mt), cos(mt), cos(mt))
c. This means that for an average Hubble Tµ

ν ∝ (%, 0, 0, 0) with % ∝ a−3

d. This means we’ve got DM!
e. OK, if it’s stable, non-interacting, produced with the right abundance. . .
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Disturbing Pulsars

A. At the perturbation level fuzzy DM generates an oscillating
environment for the binary

B. The oscillations will periodically disturb the binary system

F i = R i
0j0x

j

C. When oscillations and binary resound, the orbit experiences secular
variations

D. Typical pulsars have periods of roughly 0.1 to 100 days AKA

10−22 . m . 10−19 eV
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Osculating Orbits

There are 6 independent orbital parameters we can look at:

a, e, Ω, ι, ω, θ

n̂

pericentre

X

Y

Z

r
x

◆

!
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Secularisation (gravity solo)

A. Scalar field, secular variation of the period:

Ṗ ' 10−17(P/100d)2 J(Ne)

? This effect disappears for circular orbits (as expected)

B. Vector field, secular variation of the period:

Ṗ ' 10−17(P/100d)2 F(Ne)

? The effect in general doesn’t vanish for e → 1: F (Ne)→ sin2 ϑ

? If the vector is aligned with ẑ we’re back to the scalar case

? Angular momentum variation ∂ι 6= 0: all sort of fun things happen

C. Tensor field (spin 2): even more peculiar distortions appear: stay tuned!
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Secularisation (fifth forces 1)

Scalar field: direct coupling

Mi (t) = Mi (1 + τ/Λ) ⇒ ~F = −τ̇ ~v/Λ− τG (M1 + M2)~r/Λr3



Secularisation (fifth forces 2)

Vector field: direct coupling via baryon charge (B or B − L or. . . )

L = q1~v1~τ + q2~v2~τ ⇒ ~F = −q
√

2% sin(mt)

Some numbers:

J1910+1256
P ∼ 60 d
Ṗ . 10−10

g . 10−24

m ∼ 10−21 eV

J2016+1948
P ∼ 365 d
Ṗ . 10−9

g . 10−25

m ∼ 10−22 eV

J1713+0747
P ∼ 70 d
Ṗ . 10−13

g . 10−27

m ∼ 10−21 eV

Compare with g . 10−23 from EP We win
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Summary

DM might be lilliputianly light (fuzzy)

Fuzzy DM produces an oscillating perturbation on the background

Binary systems in resonance experience orbital secular variations

From gravitational interactions alone we can detect/constrain DM
models and even tell its spin

We put competitive constraints on fifth forces carried by fuzzy DM

Thank You, and. . .

fi Come visit us at CEICO in Praguefi
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