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What do we care about (for dust)
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PART 1: HOW DO WE SIMULATE GALAXIES?

·Mdust = Mstars

dust (t) −
Mdust

Mgas
ψ + Mgrowth

dust (τgg) − MSNdes
dust (τSNdes) − ·Moutflow

dust .

Dwek 1998 
Dwek & Cherchneff 2011



Semi Analytic Models

Idealized Simulations

Cosmological Simulations

Zoom Simulations

Advantages Drawbacks

‣ Speed


‣ Can search parameter  
spaces efficiently


‣ Can isolate driving  
physical processes

‣ Highly simplistic view of galaxies 
(Fluid processes not simulated)


‣ Structure of Galaxies not simulated


‣ Subresolution scale at the scale of 
dark matter halos

‣ Durham SAM  
(GALFORM)


‣ L-Galaxies


‣ Santa Cruz SAM

Codes/Campaigns

Granato et al. 2000
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Semi Analytic Models

Idealized Simulations

Cosmological Simulations

Zoom Simulations

Advantages Drawbacks
‣ Highest possible resolutions 

of all the methods


‣ Relatively fast to run


‣ Can run radiative transfer


‣ Can isolate internal processes

‣ Non cosmological (no environment)


‣ Early phases dominated by ICs and 
lack physical information


‣ Not obvious how to simulate  
statistics


‣ Gadget/GIZMO


‣ Ramses 


‣ Gasoline


‣ Arepo/SMUGGLE 

Codes/Campaigns
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Semi Analytic Models

Idealized Simulations

Cosmological Simulations

Zoom Simulations

Advantages Drawbacks

‣ Numerous halos/galaxies


‣ Cosmic environment included


‣ Can simulate deep fields

‣ Even state of the art resolution is  
relatively poor (~105 M⦿)


‣ Can be quite slow


‣ Not obvious you can resolve 
ISM enough to run RT

‣ EAGLE/COLIBRE


‣ SIMBA


‣ Illustris


Codes/Campaigns
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Semi Analytic Models

Idealized Simulations

Cosmological Simulations

Zoom Simulations

Advantages Drawbacks
‣ Resolution can approach 

that of idealized


‣ Cosmic environment included


‣ Better ISM resolution


‣ Best of both (hydro) worlds

‣ Pretty Slow.  


‣ The most technically challenging out 
of the four methods


‣ Not obvious how to simulate statistics

‣ FIRE


‣ Arepo/Smuggle


‣ CHANGA

Codes/Campaigns
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PART 2: HOW DO WE SIMULATE DUST?
What do we care about (for dust)

Parente, 2025



PART 2: HOW DO WE SIMULATE DUST?
Dust Formation: Composition, Condensation Efficiencies, Size Distribution 

mAGB
i,d = {δAGB

C (mAGB
C,ej − 0.75mAGB

O,ej ), i = C

0, otherwise,

mAGB
i,d =

0, i = C
16∑i=Mg,Si,S,Ca,Fe δAGB

i mAGB
i,ej , i = O

δAGB
i mAGB

i,ej , otherwise,

C>O

C<O

Uncertain Values:
δSNII,AGB

0.15 1

SNe Dust Formation

AGB Dust Formation

Dwek 1998
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mAGB
i,d = {δAGB

C (mAGB
C,ej − 0.75mAGB

O,ej ), i = C

0, otherwise,

mAGB
i,d =

0, i = C
16∑i=Mg,Si,S,Ca,Fe δAGB

i mAGB
i,ej , i = O

δAGB
i mAGB

i,ej , otherwise,

C>O

C<O

1

SNe Dust Formation

AGB Dust Formation
∂n
∂a

=
C
aP

exp (−
ln2 (a/a0)

2σ2 )

Uncertain Values: Initial Size Distribution

Dust Formation: Composition, Condensation Efficiencies, Size Distribution 
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100 Myr

τaccr = τref ( a
aref ) (

ρref

ρg ) (
Tref

Tg )
1/2

(
Zref

Zg ) (
Sref

S ) .

Uncertainties: 

Dust Growth: Timescale Dependencies, Clumping, Abundance Limitations,   
& Coulomb Enhancement

dM
dt

∝
M

τaccr

Dwek 1998

τref

1 Myr

• Clumping Factors [effectively, impact reference values]


• Temperature dependent sticking factors (Zhukovska et al. 2014)


• Size dependence

McKinnon+2017, Popping+2018
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τaccr = τref ( a
aref ) (

ρref

ρg ) (
Tref

Tg )
1/2

(
Zref

Zg ) (
Sref

S ) .

Uncertainties: Species-dependent accretion rates 

Dust Growth: Timescale Dependencies, Clumping, Abundance Limitations,   
& Coulomb Enhancement

dM
dt

∝
M

τaccr

Dwek 1998

Choban et al. 2022

Traditional Accretion Species-dependent rate limiters
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τaccr = τref ( a
aref ) (

ρref

ρg ) (
Tref

Tg )
1/2

(
Zref

Zg ) (
Sref

S ) .

Coulomb-Enhancement of Charged Grains

Dust Growth: Timescale Dependencies, Clumping, Abundance Limitations,   
& Coulomb Enhancement

dM
dt

∝
M

τaccr

Dwek 1998

Weingartner & Draine 1999



PART 2: HOW DO WE SIMULATE DUST?
Dust Shattering and Coagulation

v<vthresh v>vthresh

vthresh = {2.7 km/s silicates
1.2 km/s carbonaceous

Based on numerical experiments  
and analytic modeling by Jones, Tielens & Hollenbach, 1996
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Dust Destruction in SNe Shocks

τdes,SN ∝
1

RSN
·Mswϵ

,

ϵ

0.1 0.5SNe destruction Efficiency

Thermal Sputtering

Parente, 2025

McKee 1989

τd,SN = 6.8 × 103 ( Mh

106M⊙ ) ( 1
RSN ),

τd,PISN = 36.3 ( Mh

106M⊙ ) ( 1
RPISN ) .

Graziani et al. 2020



PART 3: SUCCESSES AND CHALLENGES
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PART 3: SUCCESSES AND CHALLENGES

No citation - just made for this talk

z~6-7 
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Choban et al. 2022 see also Trayford et al. 2025
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PART 3: SUCCESSES AND CHALLENGES

Q. Li, Narayanan, Torrey & Dave 2020 
Matsumoto et al. 2025



Li et al. 2020 Matsumoto et al. 2025

Parente 2025

PART 4: WAYS FORWARD [AKA WHY DO THINGS WORK AT ALL?]



PART 4: WAYS FORWARD [AKA WHY DO THINGS WORK AT ALL?]

Esmerian & Gnedin 2024



GALAXY SIMULATIONS + DUST SHOULD BE THOUGHT OF AS 
NUMERICAL EXPERIMENTS, NOT FUNDAMENTAL THEORY



Parameter Set 44

GALAXY SIMULATIONS + DUST SHOULD BE THOUGHT OF AS 
NUMERICAL EXPERIMENTS, NOT FUNDAMENTAL THEORY



Parameter Set 50

GALAXY SIMULATIONS + DUST SHOULD BE THOUGHT OF AS 
NUMERICAL EXPERIMENTS, NOT FUNDAMENTAL THEORY



PART 5: DUST EVOLUTION IN ZOOM SIMULATIONS 



KEY ASPECTS OF THIS NUMERICAL EXPERIMENT

1

Initial Size Distribution

τaccr = τref ( a
aref ) (

ρref

ρg ) (
Tref

Tg )
1/2

(
Zref

Zg ) (
Sref

S ) .
dM
dt

∝
M

τaccr

vthresh = {2.7 km/s silicates
1.2 km/s carbonaceous





Narayanan, Torrey, Stark et al. 2025



The formation of the first dusty galaxies: Growth takes over 
at z=10 (or so)

Narayanan, Torrey, Stark et al. 2025



The formation of the first dusty galaxies: Growth takes over 
at z=10 (or so)

τaccr = τref ( a
aref ) (

ρref

ρg ) (
Tref

Tg )
1/2

(
Zref

Zg ) (
Sref

S ) .

Narayanan, Torrey, Stark et al. 2025



 The curious case of “blue monsters”



The curious case of “blue monsters”: the dust is there.. 
you just can’t see it.

Blue Monsters: here, z>10, MUV < -20

Narayanan, Torrey, Stark et al. 2025



 
E. Savitch, Narayanan et al. [in prep]

SHATTERING AT EARLY TIMES LEADS TO PRONOUNCED 2175 AT Z=7



I LITERALLY ONLY MADE THIS SLIDE FOR KARL GORDON



SHATTERING RESULTS IN AN A STEEPENING OF THE EXTINCTION LAW WITH TIME

Q. Li, Narayanan, Torrey & Dave 2020 
Matsumoto et al. 2025

DN, Torrey+ in prep.



CONCLUDING THOUGHTS AND WAYS FORWARD

Dust Formation

Yields, condensation efficiencies, 
Size Distributions

Dust Growth

Sticking Coefficients, Species-dependent 
growth rates, Coulomb Enhancement Factors

Grain Collisions

Threshold Velocities and outcome [Esmerian talk]

How do we handle interaction with radiation? 
[Guhathakurta & Draine 1989]


