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Overview

Talk covers recent work with K. Bolejko
1 Lester, E., Bolejko, K. (2021). Imprints of decaying dark matter

on cosmic voids. Physical Review D, 104(12), 123540.
2 Lester, E., Bolejko, K. (2022). Constraining decaying dark

matter models with gravitational lensing and cosmic voids. In
preparation.
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Dark matter models

Figure: The myriad models and candidates for dark matter. Image original
by Bertone and Tait.
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Dark matter models: Zoom back...

Figure: Simplify the picture by considering interactions (and detection
methods).
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Dark matter matter: Zoom back...

T ab
(i) ;b = Ia

(i) . (1)
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Our approach

Take a semi-tetrad approach:

gab = ea · eb = ηab , (2)

with fluid 4-velocity:
ua = e0 , (3)

and spatial axis of symmetry

za = e1 . (4)
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Our approach

Decompose covariant derivative of 4-velocity:

ua;b = ωab + σab + 1
3Θhab − Aaub , (5)

where
hab = gab + uaub , (6)

is a projection tensor.
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Multi-fluid models

Multi-fluid total energy momentum tensor:

T ab = T ab
ddm + T ab

dm + T ab
r + ... (7)

Simply eg.
T ab = ρuaub + ηv avb , (8)

with
v a = γ(ua + V a) . (9)
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Multi-fluid models

Giving
T ab = µuaub + phab + 2q(aub) + πab. (10)

with
µ = ρ + γ2η (11)

etc.
Furthermore

Q ∼ γ2ηV , p ∼ Π ∼ γ2ηV 2 (12)

where
V a = Vza (13)

etc.
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Titled

Figure: Figure 1 from [4] schematically representing the tilted multi-fluid
model.
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With interactions

Introduce fluid interactions as:

T ab
(i) ;b = Ia

(i) . (14)

A model of decay is

Ia
(1) = −Γρ(ua + w a) , (15)

where
w a = 4

π2 viδza (16)

with δ is the fluid density perturbation, vi the initial velocity after
decay, Γ is the decay-rate.
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The formalism leads to the governing equations (among many others)

µ̇ = −Θµ − Q′ − Qα − 2AQ , (17)
ρ̇ = −Θρ − Γρ , (18)

Q̇ = −(Σ + 4
3Θ)Q − µA , (19)

where Ẋ = uaX;a, X ′ = zaX;a, α = habza
;b and A ̸= 0.
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Zoomed out:

Figure: Credit to C. Burke.
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Zoom in.... A realistic void:

Figure: Borrowed from [3].
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An idealised void:

Figure: Borrowed from [1].
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A simplistic void:

Figure: Taken from [2].
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Weak gravitational lensing

Weak-lensing magnification:

µ = 1 + 2κ , (20)

Convergence:
κ = Σ

ΣC
, (21)

Surface mass density:

Σ =
∫

ρ̄ δ(r(θ, z)) dℓ . (22)
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Weak gravitational lensing, 1.

Figure: Small (∼ 20 Mpc) voids with (DDM, vi ∼ 100 kms−1 ) and
without (LTB) decay.
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Weak gravitational lensing, 2.

Figure: Large (∼ 30 Mpc) voids with (DDMvi ∼ 100 kms−1 ) and without
(LTB) decay.
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Weak gravitational lensing, 3.

∆ γ/γ ∼ 10%∆ γ/γ ∼ 5%

∆ κ/κ ∼ 2%

∆ γ/γ ∼ 2%

∆ κ/κ ∼ 5% ∆ κ/κ ∼ 10%

Figure: Demonstrating the effect of increasing uncertainties upon the
weak-lensing signals.
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Doppler magnification

More realistically
κ = κWL + κDM + ...

where κDM ∼ vpec .

Figure: An example of the peculiar velocities fields around cosmological
voids.
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Questions?
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