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Initial Mass Function

e Initial mass function: Quantifies the distribution of stellar mass in the
stellar population of a galaxy.
e Determines the chemical evolution of the galaxy and how the

baryonic content changes.
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A transitional phase between primordial galactic formation and the onset of the peak of cosmic star formation rate density.
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We look towards ALPINE - ALMA survey for the following reasons:
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Until now...

e ALMA Large Program to INvestigate [ClI] at Early times (ALPINE) survey.

e Representative sample of 118 star-forming galaxies at the end of the Hl reionization era at redshift (4 < z
<6).

e  With stellar masses ~ 1084 - 1011 [MSun] and SFR ~ 3 - 270 [MSun/Yr].

e Wehave:

o SED fitting and derivation of physical parameters: Faisst+20, Béthermin+20, Burgarella+22

o Gas, Metal and Dust content: Dessauges-Zavadsky+20, Gruppioni+20, Pozzi+21, Vanderhoof+22
o Baryonic cycle mechanisms: Fujimoto+20, Ginolfi+20a, b

o Morphology and kinematical studies: Romano+21, Jones+22, Devereaux+23, Pozzi+24
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Moving ahead...
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1.

Estimating stellar mass, star formation rate, dust and gas
mass from ancillary data.

S
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1.

Estimating stellar mass, star formation rate, dust and gas
mass from ancillary data.

Employing chemical models to reproduce gas and dust
content in the galaxies.
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1.

Estimating stellar mass, star formation rate, dust and gas
mass from ancillary data.

Employing chemical models to reproduce gas and dust
content in the galaxies.

3.

Analyzing the impact of variational initial mass function (IMF)
on our predictions.
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Estimating stellar mass, star formation rate, dust and gas
mass from ancillary data.
Employ CIGALE to estimate stellar mass, star formation rate and dust mass following the description

mentioned in Burgarella+22.
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1.

Estimating stellar mass, star formation rate, dust and gas
mass from ancillary data.

Employ CIGALE to estimate stellar mass, star formation rate and dust mass following the description
mentioned in Burgarella+22.
Derive gas mass using [ClI] luminosities using relation (Zanella+18):

1ogio(Lici/Lo) = (~1.28+£0.21)+(0.98 £0.02) logo(Mgas /Mo),
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1.

Estimating stellar mass, star formation rate, dust and gas
mass from ancillary data.

Employ CIGALE to estimate stellar mass, star formation rate and dust mass following the description
mentioned in Burgarella+22.
Derive gas mass using [ClI] luminosities using relation (Zanella+18):

1ogio(Lici/Lo) = (~1.28+£0.21)+(0.98 £0.02) logo(Mgas /Mo),

Estimate sMGas = Gas Mass/Stellar Mass, sSFR = SFR/Stellar Mass and sMDust = Dust Mass/Stellar Mass
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|
2.
Employing chemical models to reproduce gas and dust
content in the galaxies.
The description for baryonic evolution in these galaxies is adopted from Nanni+20.
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Employing chemical models to reproduce gas and dust
content in the galaxies.

The description for baryonic evolution in these galaxies is adopted from Nanni+20.
What goes into the models:

Gas ejection by the stellar population.

Astration due to star formation

Galactic outflows/inflows

O O O

o Dust:
m  Supernovaetypelaandll
m AGBstars

m GrowthinISM
o Initial Mass Function (IMF)
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Contributions to the baryonic content of the ISM




Contributions to the baryonic content of the ISM
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Contributions to the baryonic content of the ISM
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- ==>> python3 code.pys

e

Contributions to the baryonic content of the ISM
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Table 1. List of parameters adopted in the simulations of metal and dust evolution described in Section 3. First tests are run in order to select the
reference parameters adopted to run systematic calculations. The stellar mass produced by the end of the simulation is always normalised to 1 M.

Theoretical metal yields

Stellar Source Data set and Denomination Mass range in M,

Type IT SNe Limongi & Chiefhi (2018), Prantzos et al. (2018)- LCI8 [13, 120]

AGB Cristallo et al. (2015) - C15 [1.7] Dust and metal yields
Pop IIT stars Heger & Woosley (2010) (10, 100]

Type Ia SN Iwamoto et al. (1999) -

Systematic Calculations

T [Myr] 500

IMF (Top-Heavy) «cM* a=138 } Star formation history & stellar populations

M iin [Mg] 1

M ini [Mg] (Chabrier)
M, 4 ini [Mo] (Top-heavy)
ML

Min

Msvmpl [MO]

€

SN condensation fraction

AGB condensation fraction
Dust growth efficiency in the ISM

(2 - 6) XMslar.Iin
(2 73 6) XMslar.h'n
0-3 Ginolfi et al. (2020b)
0-1
1535 ngy [(Z/Zs) + 0.039]70°
0.1,0.5, 1.0
oy = 0.05, for =0, fir = 0.05, fear = 0.05 (feoa = 5%)
foy = 0.10, for = 0, fir = 0.10, foar = 0.10 (feona = 10%)
foy =025, fo =0, f; = 0.25, for = 0.25 (fopna = 25%)
Toy = 0.5, fo1 =0, fir = 0.5, faur = 0.5 (feoma = 50%)
oy =0.75, for =0, fir = 0.75, foar = 0.5 (feona = 75%)
Sy =L fa =0, fir = 1, fear = 0.5 (feona = 100%)
foy =03, four = 0.3, fir = 0.0, for =05 ——>

0.0,05,1 EE——

Dictating the gas content

Dictating contributions by supernovae

Dictating contributions by AGB
Dictating contributions by ISM growth

[Sawant+, submit. to collab]
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Gas Mass/Stellar Mass

Chabrier
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8.24

8.10

[Sawant+, submit. to collab]

e Evolution of specific gas mass
with age of the main stellar
population.
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Gas Mass/Stellar Mass
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Evolution of specific gas mass
with age of the main stellar
population.

Galactic outflows required to
reproduce the observed gas
mass.
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Gas Mass/Stellar Mass

Chabrier /
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Evolution of specific gas mass
with age of the main stellar
population.

Galactic outflows required to
reproduce the observed gas
mass.

Higher metallicity required
for older galaxies.
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Dust Mass/Stellar Mass

With dust growth in ISM
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SNII and AGB - major contributors
to the dust content for older
galaxies (> 600 Myrs).
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Dust Mass/Stellar Mass

With dust growth in ISM
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1.25

e  SNIland AGB - major contributors
to the dust content for older
galaxies (> 600 Myrs).

e  DustgrowthinISM required to
reproduce galaxies with
intermediate ages (300 - 600
Myrs).
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Dust Mass/Stellar Mass

With dust growth in ISM
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SNII and AGB - major contributors
to the dust content for older
galaxies (> 600 Myrs).

Dust growth in ISM required to
reproduce galaxies with
intermediate ages (300 - 600
Myrs).

Younger galaxies with high dust
masses are not reproduced.
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Dust Mass/Stellar Mass

“We’ve discovered a massive dust and gas
cloud which is either the beginning of a new
. staror just a hell of a lot of dust and gas.”
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reproduce galaxies with
intermediate ages (300 - 600
Myrs).

Younger galaxies with high dust
masses are not reproduced.
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Contributions to the baryonic content of the ISM

[W.B]
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Contributions to the baryonic content of the ISM



A variational IMF

° Initial mass function: Quantifies the distribution of stellar mass in the stellar population of
a galaxy.
° Determines the chemical evolution of the galaxy and how the baryonic content changes.
° Studies suggesting variational IMF:
o Local universe: Dabringhausen+12, Geha+13, Marks+12, McWilliam+13, Sliwa+17, Brown &

Wilson+19
o High-z universe: Zhang+18, Sneppen+22, Bekki & Tsuijimoto+23, Steinhardt+22, 23, Sun+24

° Top-Heavy
° Chabrier+03

Mass Function

10°

101

1072

1073

ypot e

Top-heavy
~— Chabrier03

IMFoc m23

10°

T
10?
Mass [Solar mass]
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Top Heavy
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Top Heavy
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Gas Mass/Stellar Mass

Top Heavy
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[Sawant+, submit. to collab]

Older ages preferred through
SED fitting.

More gas required (Mgas, ini
= 4.4) compared to Chabrier
(Mgas, ini = 3.3).
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Gas Mass/Stellar Mass

Top Heavy
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[Sawant+, submit. to collab]

Older ages preferred through
SED fitting.

More gas required (Mgas, ini
= 4.4) compared to Chabrier
(Mgas, ini = 3.3).

Galactic outflows are
required.
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With dust growth in ISM
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[Sawant+, submit. to collab]

Older galaxies (> 800 Myrs) are
reproduced assuming higher
condensation fractions (60%) for
SNII.
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With dust growth in ISM

~ SNla
5 SNII
10 ElL ISM growth

1 01 AGB
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N
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.
~

2.2

2.0

Older galaxies (> 800 Myrs) are
reproduced assuming higher
condensation fractions (60%) for
SNII.

For younger galaxies (< 300 Myrs),
dust growth in ISM is required,
where SNII + AGB are insufficient.
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With dust growth in ISM
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[Sawant+, submit. to collab]
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2.8

N
)

N
~
logi0(Age[Myr])

2.2

2.0

Older galaxies (> 800 Myrs) are
reproduced assuming higher
condensation fractions (60%) for
SNII.

For younger galaxies (< 300 Myrs),
dust growth in ISM is required,
where SNII + AGB are insufficient.

~90% of galaxies are reproduced
with top-heavy compared to ~60%
with Chabrier.
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Dec [deg]
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~.. COSMOS-Webb
O ALPINE galaxies
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[M. Romano]

Observations from
COSMOS-Webb and NIRSpec
datasets.
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Layout of Current Data Products for ALPINE Galaxies

SED fitting

SpeCtI’OSCOpy (Keck/DEIMOS, VUDS, GOODS-S/VLT) (Stellar masses SFR)

Imaging (ground & HST; various programs)

—4

Optical photometry from COSMOS-Webb &
continuum with NIRSpec (A. Faisst, PID: 3045)
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:‘é 24r Absorption star formation \
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The F“twe

Observations from
COSMOS-Webb and NIRSpec
datasets.

Constraining the estimates of
stellar mass and star formation
rates.
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ki

Normalized flux
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Normalized transmission

SFG at z=5
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[M. Romano]

The F“twe

Observations from
COSMOS-Webb and NIRSpec
datasets.

Constraining the estimates of
stellar mass and star formation
rates.

Provide insights about SFHs,
metallicities and various
properties about ISM.
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In short...

e Canonical descriptions of IMF can reproduce dust content in older galaxies but fails to reproduce
observations in younger galaxies where rapid dust build-up is involved.

e Models show intermediate age galaxies with high dust content prefer a top-heavy IMF with dust
growth in ISM as the primary contributor.

e  Galaxies with higher dust content and younger ages are still in tension with models motivating
further investigation with more constraints using the ever increasing observations.
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Thank You

Questions, comments and criticism
are welcome!

Or we can just move on to coffee.

[lceland, 27th April]
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SED fit of a galaxy

Best model for 566428

(z=5.89, reduced x2=0.56)
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sMDust
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