Chemical History of Galaxies
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What do we know about the chemical composition
of the universe?

o It all started with the Big Bang ...

o The first generation of stars had a composition of 75% H,
He and Li, Be, B

o The current composition of the galaxies is 75% H, He and
for all the remaining elements.

- What caused this change in the chemical composition?
- Where did the new elements come from?



Answer: Stars




Stars of different masses will enrich the
interstellar medium with different elements:

o Low mass stars ( < 8 solar masses) 'Si3° ><f
will end their lives as white dwarfs ® s;;?i:,’w
and peacefully eject a planetary ,j;’;‘y

nebula.
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High mass stars:

Stage

H buming

He Buming

C Buming

Ne Buming

O Buming 6 months
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10 light-years

Red giant

Neutron Star or
Black Hole

Supernova

o High mass stars ( > 8 solar masses) will explode in
supernovae leaving behind a neutron star or black hole.

8 < M0 <20 becomes a neutron star
Mo > 20 becomes a black hole.
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As a result, the new stars are chemically enriched.



Another type of supernovae - white dwarfs in
Binary Systems

White dwarf Companion star
Orbit of red giant
. CE
Hydrogen-rich gas ¢
flowing onto
white dwarf

o Type la supernova

o The white dwarf collapses,
ignhiting carbon and oxygen.

Orbit of white dwarf

fe— AfewAU

Before Collapse Explosion
1. Companion star adds 2. M becomes > 1.4 M, 3. Explodes as a 4. Probably leaves
mass to white dwarf. Type | supernova. no remnant.
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supernova




Stellar Lifetimes

« A core collapse supernova would occur one billion years
before the type la supernova.

This means that the chemical enrichment with a- elements
(like Ne, Mg, Si, S, Ar, Ca.. etc) is not at the same time as
iron.
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Metallicity:

o X = mass fraction of H

o Yy = mass fraction of He

o z = mass fraction of all remaining elements (metallicity)
X+y+z=1

o The abundance ratio is defined as the logarithm of the

ratio of a star's iron abundance compared to that of the
Sun.

o Stars with a higher metallicity than the Sun have a
positive logarithmic value, whereas those with a lower
metallicity than the Sun have a negative value



Chemical history requires knowing :
Chemical Composition + Age

This is done by studying Star Cluster




There are two ways:

A. Using resolved data
B. Using Integrated Spectra




A. Analyzing individual stars in the cluster
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... 1he space between stars is
- -not empty: it contains

-~ = Interstellar matter composed
~.-. of gas and dust.

- - Because of high distance
- and the dust, clusters near

- the center of the galaxy can
- only be identified by the
presence of very bright red
‘supergiants.



RSGs as metallicity indicators

0 They are evolved stars (left the main sequence).
0 With Masses between 10 to 30 M_..

0 The largest stars in the universe (size).

0 Young <50 Myr - short lifetime
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But how about galaxies for which we can’t get
the resolved data?

We need to rely on integrated light..
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A. Analyzing individual stars in the cluster
B. Integrated light
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Abstract

The star formation (SFH) and chemical enrichment (CEH) histories of Local Group galaxies are traditionally
studied by analyzing their resolved stellar populations in a form of color-magnitude diagrams obtained with the
Hubble Space Telescope. Star clusters be studied in integrated light using ground-based telescopes to much
larger distances. They represent snapshots of the chemical evolution of their host galaxy at different ages. Here we



Large Magellanic Cloud Galaxy

o Itis a good laboratory to get resolved clusters as well as
integrated spectra and photometry.

o Has about 1200 clusters — with a well-mixed stellar
populations unlike our Galaxy.
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Our Observed Sample

o 11 clusters observed with
the 4 m SOAR telescope
(Goodman Spectrograph).

P.lI: Asa’d

o 4 clusters observed with
the 6.5 m Magellan Baade
telescope (MagE
spectrograph)
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Object

NGCI1651
NGCI1831
NGC1850
NGC1856
NGC1863
NGC2031
NGC2065
NGC2155
NGC2159
NGC2162
NGC2173
NGC2213
NGC2249
[SL63]268
[SL63]353

t, Myr

1353 £ 70
393 %20
42 + 2
320 + 16
&l k3
140 = 7
124 + 6

3757 + 190

121 +6
1298 + 60
1423 + 70
1267 + 60
203435
1125 + 60
969 + 50

Table 1
Ages and Metallicities of the LMC Cluster Obtained with the NBURSTS Full
Spectrum Fitting

[Fe/H], dex

—0.25 + 0.03
—0.14 £+ 0.02
—0.12 + 0.01
—0.13 £+ 0.01
—0.18 £+ 0.01
—0.14 £ 0.02
—0.16 £+ 0.02
—0.64 £+ 0.03
—0.13 + 0.03
—0.32 £+ 0.04
—0.37 £ 0.02
—0.51 + 0.02
—0.39 + 0.02
—0.32 + 0.01
—0.31 £+ 0.02

*Full spectrum fitting technique.

Using Nburst* to obtain the age and metallicity:

Data Set
SOAR
Magellan
SOAR
Magellan
SOAR
SOAR
SOAR
SOAR
SOAR
SOAR
SOAR
SOAR
SOAR
Magellan
Magellan




Comparison of the age—-metallicity diagram from
this study to the predictions of the IRA chemical
evolution model

NGC1831

NGC1850 NGC2159 NGC1856




O- enhanced ISM

The chemical enrichment with (o \\[-}

Mg, Si, S, Ar, Ca, and Ti) is not at the same time

as elements (Sc, V, Cr, Mn,Fe, Co and Ni)
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Conclusion based on the initial sample:

o We showed the first evidence that we can use integrated
spectra to trace the star formation history (SFH) and
chemical enrichment history (CEH) of the host galaxy.

o This is significant because our approach can be used to
study CEH of distant galaxies at the level of details that
are currently available only in a handful of nearby
galaxies.
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One Step Further: Detailed Abundances

RV (km s )
Ogm (km s 1)
[Z]

[Fe/H]
[Ca/Fe]
[Na/Fe]
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Table 1
Our Results

NGC 1831 NGC 1856 [SL63]268

290+ 7 279 £4 278 £ 4
239 26.9 24.6

—0.418 = 0.07
—0.375 &= 0.12
0.814 £ 0.41
0.023 £0.77
0.082 £0.16
0.547 £0.42
0.002 £ 0.5
0.323 £0.38
0.318 £ 0.5

—0.574 £ 0.06
—0.455 £0.11
0.375 £ 0.2
0.093 +0.38
—0.074 £0.13
0.262 0.2
0.132 £0.16
—0.263 £+ 0.32
—0.194 £ 0.08

—0.51 £0.04
—0.506 + 0.1
—0.277 £+ 0.39
0.357 £ 0.08
0.07 £0.11
0.233 £0.19
0.111 £ 0.0
—0.199 + 0.21
—0.224 £ 041




Interesting Results.. MSP?

MSP phenomenon: star-to-star variations in the inferred
abundances of light elements. It was only confirmed for
star clusters older than about 2 Gyrs.

Our results from NGC 1831 and NGC 1856 show a
possible depletion in the [Mg/Fe] abundance compared
with [Cal/Fe] and [Ti/Fe].

We also observe slightly enhanced [Na/Fe] ratios in
cluster [SL63]268 when compared with the abundances
of the field stars. This trend can be an indication of
intracluster Na variations.

More analysis is needed for this sample of LMC
clusters to accurately investigate the MSP
phenomenon.



Summary

The chemical composition of a galaxy is enriched with
time.

Star clusters allow us to study the chemical history of
galaxies.

Because of the large distance and the dust, clusters
near the Galactic center can only be identified by the
presence of very bright red supergiants.

For far away galaxies we need to rely on integrated
light.

Both theoretical models and observations are needed
to be able to understand the chemical composition and
history of galaxies.



Questions?



