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Progenitors of galaxy clusters
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COverdense regions at high redshift that \

will evolve into a galaxy cluster at z=0 or
before (Overzier 2016).
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¢ Ensemble of dark matter halos.
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o Occupy larger (comoving) volumes than

\their descendant. /
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[ Chiangetal. (2013) ]




{We detect protocluster candidates as: }
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We detect protocluster candidates as:

O HAE condidotes
4 CoSLA BOSS1244
* QSOs
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We detect protocluster candidates as:

BOSS1244
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Why do we find SMGs in protoclusters?
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Are SMG good tracers of protoclusters?

It is still in debate:
simulations
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Miller et al. (2015)




Are SMG good tracers of protoclusters?

It is still in debate:
simulations

Some massive halos do not host even a
single SMG/ Incompleteness bias

+ Random

* 1-2SMGs
* * 3SMGs
® ® 4SMGs
® ® 55MGs
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Are SMG good tracers of protoclusters?

single SMG/ Incompleteness bias

It is still in debate:
[ Some massive halos do not host even a ] simulations vs observations

+ Random
* 1-2SMGs
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11/12 of SMGs are in
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Questions...
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€ Are SMGs common in (proto)cluster regions?
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Questions...

4 A

€ Are SMGs common in (proto)cluster regions?
@ |s there an environmental/epoch preference?

€ On our simulation context, what mechanism trigger the
sub-mm emission in protocluster galaxies?

@ Isiteasy to find optical counterpart of SMGs?
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Insights from simulations: Mock

(36 deg® mock constructed similarly to \
Araya-Araya+21 mocks:

€ Millennium Simulation scaled Planck1
cosmology + L-GALAXIES SAM
(Henriques+15).

& Post-processing magnitudes by using the

Qalaxies SFHs. /
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Sub-mm Emission modeling

[ ¢ Cochrane+23 scaling relations ]
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Structures in the mock

(Cluster: A FOF group with main dark matter halo’s h (Fornax-type: Mz=0(1.37-3 )x10* Mo h
M200 = 10 Mo at any redshift.
Virgo-type: Mz=0(3-10)x10"“Mo
Protocluster: Progenitors of z = O clusters but with
\main dark matter halo’s M200 < 10" Mo y \ y
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Structures in the mock

rCluster: A FOF group with main dark matter halo’s h (Fornax-type: Mz=0(1.37-3 )x10* Mo h
M200 = 10 Mo at any redshift.
Virgo-type: Mz=0(3-10)x10"“Mo
Protocluster: Progenitors of z = O clusters but with
\main dark matter halo’s M20o < 10" Mo y \Coma-type: Mz=0 >1x10"* Mo )

Fornax — type

Virgo-type progenitors: Coma-type progenitors:
Nclusters = 565 Nclusters = 64
Nprotoclusters = 3986 Nprotoclusters =242

Fornax-type progenitors:
Nclusters =416
Nprotoclusters = 11,047
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Most massive progenitor halo

¥ Median galaxy position






Fraction of sub-mm sources in protoclusters

Fornax — type

=X QOutskirts = Outskirts Outskirts
=— Core =—— Core == Core

(Sub-mm galaxies (SMGs): Galaxies with Ss70 > 0.5 mJy (lower limit of Miller+18) h
To be more conservative (with simulation resolution), we consider just galaxies with M% > 10° Mo.

For each redshift bin (Az = 0.4), we stack all protoclusters within it and estimate the percentiles 25, 50
\and 75% (colored area and lines). )




Fraction of sub-mm sources in protoclusters

SIS Outskirts
4R Core

=X QOutskirts
=— C(Core

Protocluster cores
exhibit an enhancement
of sub-mm sources,
which depends on the

redshift.
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Fraction of sub-mm sources in protoclusters
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Protocluster cores
exhibit an enhancement
of sub-mm sources,
which depends on the
redshift.
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The redshift peak and
duration of the SMGs
fraction present a clear
dependence on the

rotocluster types.
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Fraction of sub-mm sources in protoclusters

Fornax — type

=X QOutskirts
=— C(Core

Protocluster cores
exhibit an enhancement
of sub-mm sources,
which depends on the

redshift.
\_
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(The redshift peak and
duration of the SMGs
fraction present a clear
dependence on the

rotocluster types.
\p Yp y

Outskirts
4R Core

Protocluster outskirts
present a fraction of
SMGs comparable with
the field.
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Fraction of SMGs in each environment
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Although field galaxies are more abundant, bright
SMGs prefer the protocluster cores, mainly at
high redshifts.




Protocluster cores already host massive galaxies by z ~4

Fornax — type

-—- Outskirts -—- Outskirts
—— Core —— Core
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It is significantly more likely to find
galaxies with higher stellar masses in
protocluster cores thanin the
outskirts and field.
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Main sequence galaxies at high redshift, quiescents at z ~ 2

Fornax — type
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fFor protocluster cores, there
is a stellar mass threshold
where galaxies with higher
masses present SFRs
comparable with the Field MS
but at z = 2, which is always

\below. )
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Summary

4 A

Given our simulation and dust emission modeling, we predict that:

[0 SMGs, mainly the bright ones, are more likely to reside in protocluster cores,
which experience a sub-mm phase.

O Cores host SMGs due to the early evolution of these galaxies, since they belong
to the massive-end and the Field Main Sequence in the SFR-Mx» diagram. Direct
consequence of downsizing.
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