Cosmic dust as a dark
matter discriminator

Adam Ussing

Supervisors: Darren Croton, Alan Duffy, Robert Mostoghiu Paun
In collaboration with Celine Boehm




Adelaide
O

Mount Barker:

Victor Harbor

Ngarkat
Conservation
Pk

Bordertown

Kingston SE
Naracoorte

Millicent

Mount
Gambier

Portland

Hamilton

Warmzémboo\

Swan Hill

Echuca
Q

Beng\go

VICTORIA

Melbgurne
Werribeeo

Geeolong




Different Particle Models

Force Carriers

Theories of

Sterile Neutrinos Da r k M atter

Cimersiors




Different Astronomical Models

Cold Interacting Fuzzy

Lay

Maccio+ 2012 4 r

Mocz+ 2019

Adam Ussing | 2023 CDM Annual Workshop




Different Astronomical Models

Cold Interacting Fuzzy

a4

Maccio+ 2012 4

Mocz+ 2019

Adam Ussing | 2023 CDM Annual Workshop




But first... Jargon
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Jargon
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Jargon

o Particle Types:

o Dark matter - Phase space tracers of density ~10° Solar Masses
o (Gas - stuff to make stars with ~ 10° Solar Masses
o Stars - notreal stars, more like arepresentation ~ 10° Solar Masses

o Particle mass ~ 10> M, ~ 1062GeV
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But why?

e CDM - Works at large scales

e Historical small-scale issues
o Missing satellite problem

e We could implement a WDM model

e Also solved with higher feedback processes in CDM
o Particularly with supernova

e Different processes create different dust populations

e Observable?
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Sims
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Generating initial conditions
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Initial Conditions
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Results
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o Satellite galaxies
around our “Milky
Way”

Tuned with different
supernova efficiencies
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Satellite Galaxy Population at z=0
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Satellite Galaxy Population at z=0
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Simulation

Dust Mass
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WDM SN=5%
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Gini Comparison

M trated
ore concentrate — CDM 5%

0.76 - CDM 10%
—-— WDM 5%
WDM 10%

« Gini index — Data 075
concentration 0.74 R
. WDM has on g 073
average lower 7 0.72 -
correlations in
recent times >
0.70 - /

Less concentrated \.—~’

0.0 0.05 0.11 0.18 0.25 0.33 0.54 0.82 1.22
Redshift

Adam Ussing | 2023 CDM Annual Workshop



Conclusions

Adam Ussing | 2023 CDM Annual Workshop



Conclusions

~ Different dark matter mOde|S | Satellite Galaxy Population at z=0

—— CDM SN=5%

produce similar universes N COM SN—10%

WDM SN=10%

Adam Ussing | 2023 CDM Annual Workshop



Conclusions
e Different dark matter models F WDMSN _-S-Of-/f_aﬁsj.m%
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do produce different dust
masses

[$)]
(=)

[«)

9]
]
S
o0}
o
=
o
o
=

—50

274 275

x [Mpc]

Adam Ussing | 2023 CDM Annual Workshop



Conclusions

Gini Comparison

e Different dark matter models — coms%
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e Different supernova models
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Thank you
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Bonus Slides
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Dark Matter distribution at z=5.65
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Gas distribution at z=5.65
Gas subhaloes, min particles = 100
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