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Problem with dust: even in The New Yorker cartoons...

Credit: Zachary Canin
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1. Inside the halo: interplay of metals, gas, stars and dust in galaxy evolution
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1. Interplay of metals, gas, stars and dust in galaxy evolution
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2.1 Evolution of specific dust mass: what are driving mechanisms?
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Specific dust mass is realistic to measure by combining e.g. HST, JWST + ALMA, NOEMA, Herschel...
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2.1 Evolution of specific dust mass: what are driving mechanisms?
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2.1 Evolution of specific dust mass: observational status & challenges

. | | T
"8 Dusty QG (Bonevsidr 23 _. E”ZSD(SJSQSd‘iEETiﬁk'* Y MS galaxies observed with ALMA
ik _>' Dust emission bright, but compact!
A i, | Stellar masses tricky to measure
750 “gﬂ'sr;ysge;‘;i?:: (Bethermin+ 15, Donevski+ 20, Kokorev+ 21)

+ Dusty QG:

, B ? hardly observed, IR faint, Zgas difficult to get
o PR g Dusty quiescent ’
5% O . ’f galaxies Stacks & low-statistics studies:

Gobat+ 18, Magdis+ 21, Whitaker+ 21, Morashito+ 22 etc.

Large statistics studies: Donevski+ 23

r v« 5 - I v 4 5 -+ I 4 4 4 4V 4 4 4 4 | 4 4 Unexplored area !!!
0.0 0.5 1.0 1.5 2.0
Redshift
- Specific dust mass evolves with redshift, stellar mass, gas fraction, galaxy size... A

- In z>2 MS galaxies, higher dust mass reflects higher gas fraction and is partly due to rapid metal enrichment in
massive halos.

i At z<2 QG, specific dust mass evolves in a similarly complex way
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2.1 Evolution of specific dust mass: what are driving mechanisms?

Donevski et al. 2023; arXiv:2304.05842

500 Quiescent & dusty galaxies in the COSMOS field (z<0.6)

2. Specific dust mass problem 9



2.1 Evolution of specific dust mass: what are driving mechanisms?

Donevski et al. 2023; arXiv:2304.05842
500 Quiescent & dusty galaxies in the COSMOS field (z<0.6)
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(-Large scatter in specific dust mass of QGs —> non-uniform ISM conditions (e.g., various dust temperatures) A
- Impact of past SFH & morphology: higher specific dust content in than in compact QGs

- Long dust removal timescales (>2.5 Gyr)
(in line with proposed lifetimes of re-formed Si grains, e.g., Hirashita+ 17)

-> Different timescales for dust growth/removal in the metal-rich ISM ?
> Accretion of dust-rich satellites? Other environmental effects? y
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2.2 How to connect the dust evolution (formation & removal) & quenching processes?
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- Morphological quenching
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2.3 Comparison with SIMBA

Donevski et al. 2023
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SIMBA has a nice match with the data!!
What do models need to reproduce the data?

e Higher dust condensation efficiency in SNe X

e Strong stellar feedback X

e Fast dust-metal accretion timescales

e Minor mergers / Dust-rich satellites in moderately massive ( > 10'>°M_)halos

2. Specific dust mass problem 12



2.4 Prolonged dust growth or “just” enough cold gas? Or both?
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Part I
How does the dusty ISM evolve within the metric of cosmic web?

Donevski & Kraljic, in prep.

Credit: K. Lisiecki, NCBJ
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3.1 Goal / method

Goal:
Connection between the dusty ISM & cosmic web features
(I.e., distance to cosmic filaments)

eFull SIMBA run (140 Mpc/h)
Cosmic Web environments reconstructed with DisPerSE
(Sousbie+ 11, Kraljic+ 18)

16 shapshots (0<z<4) /~ 400k galaxies

e Local densities quantified with DTE & smoothed kernel density
e Remove all galaxies that are too close to nodes

Cosmic Web metric
Credit: K. Kraljic, OAS, Strasbourg

= Reveal the evolution of dusty ISM (specific dust mass, dust-to-
gas ratio, dust-to-metal ratio) with galaxies’ distances to filaments

3. Dusty ISM in CW with SMIBA 15



3.2 Evolution of specific dust mass with D,

. 9<log(M,/M;)<98 ¥
- » 98<log(M,/M,)<10.8 T

g | T log(IM*/M<i)>1O.8I
N I T T I P R I I T T
\§10 L B B B B I i B L R R R
- I
= ( D<z<3 ) ;{ 3<z<4 )
-...y w--
103 |- ., - -+

10 = — —+

TP PP PP P P T TP P P P P TP
~15 -1.0 -05 0.0 0.5 1.0 415 -1.0 -0.5 0.0 0.5 1.0 J1°

log(Dg;/Mpc)
4 )
» Imprint of CW on specific dust mass is the strongest

iIn the most massive galaxies at z<2?

* Filaments are very “supportive” to ISM of lower-mass galaxies
N Y
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3.2 Evolution of specific dust mass with D,
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3.3 Is production of dust more efficient in certain CW environment?
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- Galaxies of lower masses dominate specific dust mass at z<1-2

= Enhanced dust-to-metal ratio (a.k.a. dust grains are growing!)

N\

15% closest to filament
15% most distant to filament

3. Dusty ISM in CW with SMIBA
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3.4 Dusty satellites vs. dusty centrals
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Donevski & Kraljic, in prep.

-
- Turn Iin central vs. satellite prevalence @z<2

= SIMBA predicts significant numbers of dust-rich satellites at z<2
= |n the most massive halos at z<0.5:

(a) fast decrease in ISM abundance mostly in centrals

(b) dust-rich satellites undergo slow quenching and are effectively “shielded” by the rapid destruction due to hot gas
Longer thermal sputtering timescales (>0.5 Gyr-1Gyr) are possible if (i) gas is of lower density ry; ~ 10~*em ™1,
or (ii) if ISM dust growth is accelerated

.
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Remarks

-
¢ Dusty galaxies (both SF and (.(5) show signs of non-uniform ISM and exhibit complex evolution with
redshift, size, stellar age & metallicity.

e SIMBA predicts that large-scale environments (e.g., CW filaments) may also be important secondary
effect on the dust/gas/metal interplay

* Prolonged dust production/survival timescales (>1-3Gyr) in dust-rich satellites suggest “slower”
quenching modes and enhanced growth of dust on metals in gas-phase

—> AGN & X-ray feedbacks not so effective in dusty satellites? Still available cold gas in CGM?
—=-> CW affects dust ISM not only through gas-fraction, but through dust-to-metal ratio

Future tasks
* Quantifying the effect of CW against the local density

Observational prospects

e Reconstructing the wide environments —> task for Euclid

\'Grain growth and mid-IR emission (e.g. via PAH) in smaller dusty galaxies —> task for JWST

~

P@A darko.donevski@ncbj.gov.pl
M darkdonevski@gmail.com
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Future prospects

4 )
Euclid

e Environmental impact (e.g. densities, distance to CW features, dark-matter halo masses) to:
(1) Fraction between dusty and non-dusty QGs @ redshifts z<2

(2) Galaxy scalling relations that include dust
(3) The role of centrals vs. satellites
e Measurements of D4000, age, metallicity in quiescent populations up to z~2

g /
Possible synergies Millimetric telescopes
JWST — j
4 )

/- MIRI spectra to confirm presence of silicate features A

(direct model output!) e ALMA/NOEMA (cold-gas fraction)
e Metallicity (both through near-IR and mid-IR lines) of

fainter dusty QGs - /
\0 Better constrain on AGN presence

21



Additional slides
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Future synergies
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2.1 hCOSMOS: Data analysis/SED modelling workflow

-
Initial data: hCOSMOS (Damjanov+ 19)
(magnitude complete 17< r< 22 mag)
Instrument: MMT Hectospec

Selection criteria: Dn4000>1.5
\_ J

l

Final catalogue:

- 550 dusty quiescent galaxies @ 7 < 0.7
(25% of the full sample)

- Panchromatic SED: 10+ bands in opt-NIR and
4+ bands in IR-submm (XID+ on opt. priors)

- Independent estimates of Dn4000 & gas-

metallicity (Sohn+ in prep.)

O
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f SED modelling h
tool: CIGALE (Boquien et al. 2019)

\_ J

Why selecting QG based on D4000 break?
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2.1 hCOSMOS: Data analysis/SED modelling workflow

Best model for 149.643072+02.018815 Best model for 149.717017+01.814860 Best model for 149.677880+01.865356
(z=0.339, reduced x?=1.8) (z=0.419, reduced x?=2.7) (z=0.339, reduced x?=0.76)
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2.1 Cosmic evolution of specific dust mass in QGs

| | | | | | | |
O~ This work (median) - - I\!IS DSFGs (Donevski+'20)
10_2 — - QGs (Magdis+ '21)
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| I | | | I | | |
0.6 0.8

- Evolution of specific dust mass in 548 dusty QGs
- Shallow at 0.1<z<0.7
- Tension with stacking analysis results (Mlagdis+ 20)

-
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Dn4000
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2.2 Morphological impact on specific dust

- elliptical

82 84 86 88 90 92 094 _0-5 0.0 0.5 1.0
12 +log(O/H) log( Rt/ kpc)

5I.O 55 6.0 65 7.0 7.5 8.0 8.5 20 25 30 35
log(Mdust IM @) T(lust. [K ]

-

- Morphology plays role in driving the scatter in dust parameters
- Various Td and Zgas —> non-uniform ISM conditions!

\_
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2.2 Relation between specific dust mass & metallicity
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/

- Large scatter in specific dust mass of QGs.

-

- Impact of morphology: Higher specific dust content in

than in elliptical QGs

-> Different timescales for dust growth/removal in the metal-rich ISM ?
- Accretion of dust-rich satellites? (e.g. Hirashita+ ’17; Calura+ ’17; Li+ ’19; Triani+’20)
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2.2 Evolution of specific dust mass and gas-fraction with D,
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2.3 Dust-to-gas ratio in intermediate massive satellites vs centrals @ z<1
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Controlling for dark matter halos
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reside close to filaments.
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Controlling for dark matter halos
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DUSTY GIANTS: clustered sources@z=0
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Is dust-to-gas ratio within the CW affected differently in MS/QG galaxies?

¢ | ower mass galaxies within the node are fed by metals which increases/protects
their dust content despite being affected by feedbacks and dense environments.
¢ |n galaxies with higher stellar masses, feedback is the most important regulator

of galaxy DGR, but CW plays important secondary role.

36




