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EvoLuTiIoN OF GALAXIES
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First galaxies

N ¢ Galaxy development
* Never the same objects!

Galaxy clusters






Merger tree for galaxy with mass 10%-°M,
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galaxy =~ f (DM assembly)
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X t , T' Merger tree for galaxy with mass 108-°M,
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Simulation

Explicit Hydro SAM
dependence

Chuang, Jespersen+ 2024 Jespersen+ 2022

Assembly

Wu, Jespersen &
Wechsler 2024

Wu & Jespersen 2023

Environment

galaxy = f (DM assembly)



Dark-matter density field - TNG100
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Jespersen+ in prep
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Jespersen+ in prep
Mhalo > 1010M@ SAM

_log(Meo1a/Mo) 10g(Zgas)

! | | | ] 1 ! i | ! | | | | f I | I | |

log(M.. /M)
L L R L LN BN AL L BN
SAM probabilistic limit |

Merger tree ] A8 Lipear = 0.79 + 0.27  ~ L Lieor = 0.89 + 0.18
Sigmoid fit - : v =1.97+0.90 - ‘ v =204+054 -

Medium Medium -

1 timescale | "L timescale
\.\‘_HH* i ‘*-.*HH |

-
= -

-
r

0.06

.. LONQG timescale!

. 5 1.0 15 2.0 25 3 0.0 05 1.0 15 2.0 25
Linking length (Mpc) Linking length (Mpc) Linking length (Mpc)

log(SFR/[M /yr]) __log(SFR100/[M¢ /yr]) log(Mpi/Mo)

I =
_|\ -
A"
b
)
A
!
- \ -
A
)

Ll)l't‘nl-: = 0.53 £ 0.08
: =1.78 + 0.36

Short timescale

05 1.0 15 20 25 3. 0 05 1.0 15 20 25 3 00 05 1.0 15 20 25
Linking length (Mpc) Linking length (Mpc) Linking length (Mpc)




Jespersen+ in prep
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f Now

g(X,t,r) = f fX,t,r—r") mX, thr—r bdr'gdt

gX,t,r) = fOOOfGNN(X, t,r—r")-m(X, t,r —r")dr'"”

m(X,t,r) = fOoog(X, t, 7 — r')dr’3



Directly measuring the assembly

Direct Constraint on Assembly
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Directly measuring the assembly

Direct Constraint on Assembly
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Age of the Universe



Age of the Universe
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M halo

M halo,z=0
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M halo
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M halo
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* Galaxy properties are determined by environment and
assembly, but only one Is necessary, so they must be coupled!

* Exploiting this tight coupling, we can infer assembly from
environment!

* We can learn about halo formation from simulations — now we
may have the tools to transfer that information to observations!

f Now

g(X,t,r) = f fX,t,r—r) -m(X,t, r—r)dr'Bdt
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Chaos!

“Noisy Labels”
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shadow A

A t=0.8Myr A t=10.1Gyr
z=5.00 z=0.20

Genel+ 2019



Jespersen+ in prep
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Mpalo > 10 Mg
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Merger tree for galaxy with mass 10%>M,

50% of mass
accumulated




50% of mass
accumulated




aso regression with different augmentations
Trimmed Tree
B Halo + Environment

Liink = 3Mpc
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Equivalence at 43%
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  galaxy ≈ f ( DM   assembly )


  g ( X , t , r ) =  ∫   t 0  Now  ∫ 0 ∞ f ( X ,  t ′ , r −  r ′ ) ⋅ m ( X ,  t ′ , r −  r ′ ) d    r ′ 3 d  t ′
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  m ( X , t , r ) =  ∫ 0 ∞ g ( X , t , r −  r ′ ) d    r ′ 3
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     M ∗   M  ∗ , z = 0


  g ( X , t , r ) =  ∫   t 0  Now  ∫ 0 ∞ f ( X ,  t ′ , r −  r ′ ) ⋅ m ( X ,  t ′ , r −  r ′ ) d    r ′ 3 d  t ′


   M  h a l o =   10  12  M ⊙


   M  h a l o =   10  13  M ⊙


   M  halo >   10  11  M ⊙


   L  link = 3 Mpc

