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Motivation

• Nature of DM still unknown


• Cosmological tensions ( , )


• Minimal extension to CDM


• 2-body decaying dark matter 
(2bDDM) reduces clustering 
(namely) at small scales  
increase of  to compensate for 
it  reduce  tension


• Detectability - 2bDDM changes 
mass distribution - weak lensing 
can be sensitive to this effect 
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Douspis (2nd World Summit on 
Exploring the Dark Side of the 
Universe)

Heymans et al. 2020

Asgari et al. 2021

https://doi.org/10.1051/0004-6361/202039070
https://arxiv.org/pdf/2007.15632.pdf
https://indico.cern.ch/event/645015/contributions/2954234/attachments/1677460/2693641/Douspis_SDSU_2018_2.pdf
https://indico.cern.ch/event/645015/contributions/2954234/attachments/1677460/2693641/Douspis_SDSU_2018_2.pdf
https://indico.cern.ch/event/645015/contributions/2954234/attachments/1677460/2693641/Douspis_SDSU_2018_2.pdf
https://arxiv.org/pdf/2007.15632.pdf
http://10.1051/0004-6361/202039070
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Dark matter model

N-body simulation

Fast prediction

Model testing (data)

Pkdgrav3 
implementation

Emulator construction

Forward modelling of 
signal

Strategy
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Ωm Ωr

Background - full: Background - approximated:

vk /c ≪ 1

Model parameters 
Decay rate            
Velocity kicks        
Fraction of DDM    

Γ
vk

f
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-body simulationsN

Model parameters:

Decay rate:                

Velocity kicks:          

Fraction of DDM:       

Γ (0 − 0.074) Gyr−1

vk (0 − 5000) km/s
f (0 − 1)

0.0

0.5

1.0

P
D

D
M

/P
∏
C

D
M

a)

vk=5000 km/s, 1/°=13.48 Gyr, z=0

f :
0.0
0.2
0.4
0.6
0.8
1.0

b)

f=1, 1/°=13.48 Gyr, z=0

vk (km/s):
0
200
500
1000
5000

10°3 10°1 101

k (h/Mpc)

0.0

0.5

1.0

P
D

D
M

/P
∏
C

D
M

c)

f=1, vk=5000 km/s, z=0

1/° (Gyr):
1
108.00
54.00
26.20
13.48

10°3 10°1 101

k (h/Mpc)

d)

f=1, vk=5000 km/s, 1/°=13.48 Gyr

z:
2.35
1.08
0.54
0.22
0.00

Pkdgrav3 implementation:


• Background unchanged

• Probabilistic assignment of velocity kicks 

to the particles

• Power spectra measured z ∈ [0, 2.35]

Potter et al. 2017

https://comp-astrophys-cosmol.springeropen.com/articles/10.1186/s40668-017-0021-1
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⋮ ⋮

Fast prediction: 2-body DDM emulator Sitzmann et al. 2019

http://Scene%20Representation%20Networks:%20Continuous%203D-Structure-Aware%20Neural%20Scene%20Representation
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Fast prediction: - emulation performance: 

On average, up to 1% mismatch at all scales

Training (SIREN network)
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Model inference

Cosmic shear forward modelling

Data C(i, j)
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Emulator
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Asgari et al. 2021
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https://doi.org/10.1051/0004-6361/202039070
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Cosmic Shear analysis: decaying DDM, KiDS-1000 and Planck 2018
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KiDS-1000 - LCDM

KiDS-1000+2b DDM

Planck 2018

Planck 2018+2b DDM

KiDS-1000+Planck 2018+2b DDM

Asgari et al. 2021

Planck collaboration 2018

Preliminary
Preliminary

http://10.1051/0004-6361/202039070
http://10.1051/0004-6361/201833910
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Cosmic Shear analysis: decaying DDM, KiDS-1000 and Planck2018

Implications on baryons (included 
via BCemu) under investigation, 
paper appearing soon…

Giri & Schneider 2021

Preliminary
Preliminary

https://arxiv.org/pdf/2110.02228.pdf
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Comparison with Simon et al. 2022

This work:
<latexit sha1_base64="BiRR3pcFy34Vpst7A286dgM7KVs="></latexit>

log(� [Gyr�1]) = �2.01+0.28
�0.11
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log(") > �2.07

Simon et al. 2022

(due to the prior 
limitations)

http://arxiv.org/abs/2203.07440
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Constraints on 1-body decays

1bDDM
 

KiDS-1000 >204 Gyr <0.63

Planck 
2018 >575 Gyr <0.61

Combined >468 Gyr <0.60

fτ

Preliminary
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Thank you!
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Parameter domain choice for 2-body decays (Γ, vk)

Wang & Zentner 2012

https://arxiv.org/pdf/1201.2426.pdf

