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A Picture of Galaxres

Z=-10

0 - 25 Myrs
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75 = 150 Myrs
150 — 300 Myrs

F555W-FB14W J. Dalcanton (2010, priv comm.)
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The Problem - How Much Mass do Stars Lose?

The Red Giant and Asymptotic Giant Branches
Mass loss affects the brightest phases of stellar evolution:
* Luminosity functions

* Evolutionary time scales

* HB and UV EHB morphologies

* Planetary nebula and white dwarfs
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The End Product of Stellar Evolution: SIMPLE stars

°
47 Tuc
NGC 6397

(F606w _ F814W) Hansen et al. (2013)
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The Problem - How Much Mass do Stars Lose?
The Trick

* Simultaneously measure both the nitial and final masses of stars
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Step 1: The Photometric Survey
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White Dwarfs in Open Clusters
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White Dwarfs in Open Clusters
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Step 2: The Spectroscopic Survey

20 nights of Keck | LRIS spectroscopy since 2005 (UCLA, UCSC, NASA)
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The Signature of a White Dwarf

Log(g) = 7.0
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The Signature of a White Dwarf

Log(g) = 7.0, 8.0
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The Signature of a White Dwarf
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Step 3: The Initial-Final Mass Relation
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Step 3: The Initial-Final Mass Relation
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Summary of Initial-Final Mass Relation

1.) Low mass stars like the Sun will lose 46% of their mass through stellar evolution
2.) Intermediate mass stars with MinmiaL = 2-3 Msun will lose 70-75% of their mass
3.) Higher mass stars with MinmiaL = 5-6 Msun will lose 80% of their mass
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Step 3: The Initial-Final Mass Relation
MenaL = (0.109 +/- 0.007) MinmiaL + 0.428 +/- 0.025 Msun
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Step 3: The Initial-Final Mass Relation

MeinaL = (0.109 +/- 0.007) MinmiaL + 0.428 +/- 0.025 Msun

Properties of Planetary Nebulae Characterize Exoplanet Hosts Measure SN Rates, Evolution, and

(Ciardullo 2010) (Kilic, Gould, & Koester 2009) Progenitors (Pritchet et al. 2008;
Greggio 2010; Kistler et al. 2011)

~t Star Forming
Field © e

Clusters - ®

Associations © @
Salpeter
Kroupa (2002)
Chabrier (2005)

0.10 1.00 10.00 100.00
Stellar Mass [M,]

Constrain Star Formation Scenarios  Study Disk Formation in LCDM Calculate Stellar IMF
(Leitner & Kravtsov 2011) (Leitner & Kravtsov 2011) (Lockmann, Baumgardt, &
Kroupa 2010)
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Three New Applications

MeinaL = (0.109 +/- 0.007) MinmiaL + 0.428 +/- 0.025 Msun

* The Thermally Pulsing Asymptotic Giant Branch
Kalirai et al. (2014, Apd, 782, 17)

* The Formation Time of the Milky Way Halo
Kalirai et al. (2012, Nature, 477, 684)

* Precise Ages for Globular Clusters
Hansen, Kalirai et al. (2013, Nature, 500, 51)
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From Keck to TMT: New Opportunities

TMT vastly increases the sample of clusters in which we can characterize stellar remnants
* Measure white dwarfs out to 10 kpc

* Volume would include 36 globular clusters (3 are currently accessible)

* Numerous rich open clusters and systems with odd metallicity and young ages

* Much higher sensitivity to field halo white dwarfs
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TMT - The Initial-Final Mass Relation: 2.0
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Future Direction - Adding Two New Dimensions to the Initial-Final Mass Relation
1.) Constraining the upper mass limit to WD formation
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Future Direction - Adding Two New Dimensions to the Initial-Final Mass Relation
1.) Constraining the upper mass limit to WD formation

2.) Exploring the metallicity dependence of stellar mass loss
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Thank You!




