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Part 1: Why dwarf galaxies are interesting



Ingredients of ACDM cosmology

General Standard model of Cold dark matter
relativity particle physics (CDM)

Dark energy (A) Inflation

Highly successful phenomenology



Large scales/early times

Planck Collaboration 2015

21mda=90 Gpc comoving
Fluctuation scale: 10>
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Why dwarf galaxies challenge ACDM

VPOS+new (edge-on)

A LSBF583-1
DMO sims: LG-MR + EAGLE-HR,
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Alignments

VPOS+new (edge-on)
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Galactic Longitude

MW e.g. Pawlowski, McGaugh & Jerjen 15 M31 e.g. Ibata+ 2013

Jury still out on whether this is a problem or not
e.g. Libeskind+ 2009; Buck, Dutton & Maccio 2016; Santos-Santos+ 2021



Central densities

B UGC5721
DMO sims: LG-MR + EAGLE-HR,

- V. .. =89 kms ' +10%[113]

max

Hydro sims: LG-MR + EAGLE-HR,
- V,..=89kms ' £10% [113]

max

A LSBF583-1
DMO sims: LG-MR + EAGLE-HR,

— V. =88 kms ! +10% [120]

max

Hydro sims: LG-MR + EAGLE-HR,
— V,_.=88kms ' £10% [120]

Y UGC11707
DMO sims: LG-MR + EAGLE-HR,

- V... =101 kms ! +£10% [73]

max

Hydro sims: LG-MR + EAGLE-HR,
- V,..=101kms* +£10% [73]

max

IC 2574
DMO sims: LG-MR + EAGLE-HR,

— V.. =80kms ' +10% [149]

max

Hydro sims: LG-MR + EAGLE-HR,
— V,_..=80kms ' £10% [149]

max

max
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Oman+ 2015




Central densities

B e, . o Hunter+ 2012
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Central densities: slow vs fast feedback
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Pontzen & Governato 2012



Missing

— satellites

. —— All Known Satellites
. ' | i —— DES + PS1 (weighted)
2 ' ' _ Fiducial (with LMC)

FIRE Simulations

Pontzen+ 2013 Nadler+ 2020
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Part 2: “Genetically modified” simulations
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Formation
of a dwarf
galaxy halo

1 cMpcC
(full box is 50 cMpc)




“Genetic modification”
of early Universe

Single 1nitial Design a posteriori Minimal change
realisation (o) modiﬁcations algorithm

© min||6 — o[-t
A5 = b “o
subject to Ao =0b

@ Output: family of ‘
modified fields Y iy

P(0)

Rey+ 18




Modifications
are tiny
and smooth

>

Maintain consistency
with ACDM

10 cMpcC
(full box is 50 cMpc)
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Unmodified z=99




Modifications
are tiny
and smooth

>

Maintain consistency
with ACDM

10 cMpcC
(full box is 50 cMpc)
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GM late formation z=99




Unmodified _ La_te collapse
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Unmodified B Lgte collapse




Why is this good?

%@10 :
Consistent Infinite
environment tunability
no confusion from pose and test

random sampling hypotheses




Also: “Gene Splicing”

z = 100

same
inner field \

different
outer field
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Time evolution Cadiou+ 21



Part 3: Results / predictions
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UCL/Surrey/Lund Universities Image by Matt Orkney









z=5.66 ' Gas density

30 kpc



PER)/ “Genetic modification”
of early Universe




Halo mass (M)
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Earlier forming ultra-faint have higher
stellar mass, at fixed halo mass today.
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Finding dwarfs




Redshift 7.8
0.67 Gyr

Step 181
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Suppressed merger Reference  Enhanced merger

Pontzen+ 1607.02507; Tremmel+ 1607.02151



Redshift 4.1
1.51 Gyr
Step 429

3
Suppressed merger Reference - Enhanced merger

Pontzen+ 1607.02507; Tremmel+ 1607.02151



with BHSs without BHs
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GM — late
Organic

—— GM — early

GM — late

- Organic
—— GM — early
-—= Mei(2) (Bower + 17)

6 8 6 8
t |Gyr] t |Gyr]

History + Feedback + Stochasticity ree
= Galaxy Formation Daviess 2020



\_/
e Dwarf galaxies: an exciting laboratory where we are trying to make

predictions for forthcoming surveys (e.g. LSST)

e Crucial that we take advantage of this moment
to make some predictions (e.g. low surface brightness dwarfs)

e “Genetic modification” — alternative versions of galaxies;
controlled, cosmological numerical experiments
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