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In a Nutshell




Population lll Properties

= Necessarily form from metal-free environment,

= Thought to have formed with higher masses than stars forming from metal-
enriched gas,

= Can search for surviving chemical sighature in potential Population Il relics.

Image credit: X-ray: NASA/CXC/MIT/L.Lopez et Image credit: Naomi McClure-Griffiths
al.; Infrared: Palomar; Radio: NSF/NRAO/VLA et al, CSIRO's ASKAP telescope

Image credit: ESA/NASA



Chemical Signature of Population lll stars

= Simulations of the evolution and explosion of massive metal-free stars provide
expected chemical signhature (I use those of Heger & Woosley 2010)
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Stochastic Enrichment Model




Stochastic Enrichment Model




Stochastic Enrichment Model



Stochastic Enrichment Model

= %



Stochastic Enrichment Model

Mmax
N, = f kM~%dM
M

min

N, - number of stars which have contributed to enrichment
M
M

. — minimum mass of enriching stars

m

2x — Maximum mass of enriching stars

m

o — power law mass distribution (Salpeter = 2.35)

E

exp — the energy of supernova explosion at infinity



Probability of [X/Y] given an enrichment model
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Current data

PDF
= The 11 most metal-poor DLAs that have been 17.5
detected beyond a redshift of z=2.6 0.01 15.0
— Contains the most metal-poor DLA currently known 12.5
(Cooke et al. 2017) O 027 “ 10,0
— Range of iron abundance: -3.45 < [Fe/H] <-2.15 Q - *7 .

= All systems have a minimum of 2 nhumber "t
abundance ratios ([C/0] and [Si/0]) - most —0.6[ 125
have an additional [Fe/0] determination ' ' o0

- Observed with ESO Ultraviolet and Visual 51/0]
Echelle Spectrograph (UVES) or Keck High

. Data from: Dessauages-Zavadsky et al. (2003), Pettini et al.
ReSOI Utlon EChe"e SpeCtrometer (H I R ES) (2008), Ellison et al. (2010), Srianand et al. (2010), Cooke et al.
N Resolution ~40’000 (2011), Cooke, Pettini, & Murphy (2012), Cooke et al. (2014), Dutta et al.

(2014), Morrison et al. (2016), Cooke et al. (2017).



Likelihood analysis Ny = [ " kM-%dM
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Likelihood analysis
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What Can We Learn?




Total Stellar Mass

) = Khow the mass distribution of massive
stars from enrichment model;

= Assume this relationship holds for lower
mass stars (> 1 M) and adopt a log-normal
IMF below 1 M, (Chabrier 2003);

= Calculate the total stellar mass expected
within these systems as a function of the
minimum mass with which stars can form;

= Comparable to stellar content of the faint
Milkg Way satellite population (Martin et al.
2008; McConnachie 2012)

—2 | "””'—1 | 0 I 1
2L i o i = These typicall)ﬁnspan a mass range of
~ (10%2-10% M,




Total Gas Mass

Know total mass of metals in these
systems from enrichment model;

Assume 100% retention of these metals;

Calculate the amount of pristine gas
necessary to produce a given [M/H];

Stars may constitute ~0.03 per cent of the
Bnlf;\:s fraction of the most metal-deficient
S,

UFD galaxies still expected to contain gas
at redshift ~3 (Wheeler et al. 2018).

M/H]

1

Proxies include [C/H], [Si/H] and [O/H]




What are the
descendant of these
systems?




Conclusions and Future

Conclusions:

= Early stellar populations can be investigated using the surviving
chemical signhature left behind by their core-collapse supernovae;

= My enrichment model takes into account the stochastic nature of
Populationittmvm¢; | ¥

= The most metal-poor DLAs have been minimally enriched by .
massive stars; 4

= Exploring the physical properties of these systems allows us to
compare with those of UFD galaxy population.

e [Mo]

Future:

= Consider these systems in the wider context of galactic evolution;

= Extend this analysis to EMP stars and compare the enrichment
histories of these objects.

1072 1071 100 10!




Conclusions and Future

Conclusions:

= Early stellar populations can be investigated using the surviving
chemical signhature left behind by their core-collapse supernovae;

= My enrichment model takes into account the stochastic nature of
Populationittmvm¢; [T

= The most metal-poor DLAs have been minimally enriched by .
massive stars; 4

= Exploring the physical properties of these systems allows us to
compare with those of UFD galaxy population.

e [Mo]

Future:

= Consider these systems in the wider context of galactic evolution;

= Extend this analysis to EMP stars and compare the enrichment
histories of these objects.

1072 1071 100 10!




Conclusions and Future

Conclusions:

= Early stellar populations can be investigated using the surviving
chemical signhature left behind by their core-collapse supernovae;

= My enrichment model takes into account the stochastic nature of ~[c/o]
Populationittmvm¢; |

= The most metal-poor DLAs have been minimally enriched by
massive stars;

= Exploring the physical properties of these systems allows us to
compare with those of UFD galaxy population.

Future:

= Consider these systems in the wider context of galactic evolution;

= Extend this analysis to EMP stars and compare the enrichment ;
histories of these objects. 25

1072 1071 100 10!




Conclusions and Future

Conclusions:

= Early stellar populations can be investigated using the surviving
chemical signhature left behind by their core-collapse supernovae;

= My enrichment model takes into account the stochastic nature of
Population Il IMF;

= The most metal-poor DLAs have been minimally enriched by
massive stars;

= Exploring the physical properties of these systems allows us to
compare with those of UFD galaxy population.

Future:
= Consider these systems in the wider context of galactic evolution;

= Extend this analysis to EMP stars and compare the enrichment
histories of these objects.

|||||




Conclusions and Future

Conclusions:

= Early stellar populations can be investigated using the surviving
chemical signhature left behind by their core-collapse supernovae;

= My enrichment model takes into account the stochastic nature of
Populationittmvm¢; | ¥

= The most metal-poor DLAs have been minimally enriched by .
massive stars; 4

= Exploring the physical properties of these systems allows us to
compare with those of UFD galaxy population.

e [Mo]

Future:

= Consider these systems in the wider context of galactic evolution;

= Extend this analysis to EMP stars and compare the enrichment
histories of these objects.

1072 1071 100 10!




Far Future
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potassium | calcium scandium
19 20 21
K | Ca Sc
39.098 40.078 44.956
rubidium strontium yttrium Zirconium niobium | molybdenum| technetium | ruthenium rhodium palladium cadmium antimony tellurium lodine
37 38 39 40 M 42 43 44 45 46 47 48 49 51 52 53 54
Rb | Sr Y |Zr [Nb|Mo| Tc |Ru|Rh|Pd|Ag|Cd| In Sb|Te| | | Xe
85.468 87.62 88.906 91.224 92.906 95.94 98] 101.07 102.91 106.42 107.87 112.41 114.82 121.76 127.60 126.90 131.29
caesium barium lutetium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium bismuth polonium astatine radon T T
55 56 57-70 K4l 72 73 74 75 76 77 78 79 80 81 83 84 85 86
Cs|Ba| * |Lu|Hf [ Ta| W |Re|Os| Ir | Pt | Au|Hg| TI Bi | Po| At | Rn
122.91 137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 208.98 [209] [210] [222)
francium radium lawrencium |rutherfordium|  dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununium | ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 11 112
Fr |Ra|**| Lr | Rf | Db | Sg | Bh | Hs | Mt [Uun/UuulUub ,
223 [226] [262) [261] [262] [266] [264] (269 [268] [271] [272) [277] = —l.()
©
=
- g 3.5
cerium neodymium | promethium | samarium europium gadolinium terbium dysprosium holmium erbium thullum ytterbium X )
*Lanthanide series 57 58 59 60 61 62 63 64 65 66 67 68 69 70 2
La|Ce| Pr{Nd/Pm|{Sm| Eu|Gd|Tb | Dy |Ho| Er |Tm| Yb —
138.91 140.12 140.91 144.24 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04 32 0
actinium thorium protactinium uranium neptunium plutonium americium curium berkelium californium | einsteinium fermium | mendelevium| nobelium OO 9.
** Actinide series 89 90 91 92 93 94 95 9 97 98 99 100 101 102 9
Ac| Th|{Pa| U |[Np|Pu|Am|Cm|Bk| Cf | Es|Fm|Md| No
227] 232.04 231.04 228.03 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] 2 . 5
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