
Evidence of Truly Young high-α Dwarf Stars

1Lucy Lu: yl4331@columbia.edu

CCAPP Symposium 2024 Sep 26 2024

mailto:yl4331@columbia.edu


Lucy Lu: yl4331@columbia.edu, Twitter: @LucyYuxi

Bensby+ 2014

Introduction: The bi-modality of the Milky Way disk 

2

SN Ia

SN
 II

/S
N

 Ia

mailto:yl4331@columbia.edu


Lucy Lu: yl4331@columbia.edu, Twitter: @LucyYuxi

Bensby+ 2014

Introduction: The bi-modality of the Milky Way disk 

3

Halo
high-α

low-α

SN Ia

SN
 II

/S
N

 Ia

mailto:yl4331@columbia.edu


Lucy Lu: yl4331@columbia.edu, Twitter: @LucyYuxi

Bensby+ 2014

Introduction: The bi-modality of the Milky Way disk 

4

Direction of chemical evolution

SN Ia

SN
 II

/S
N

 Ia

mailto:yl4331@columbia.edu


Lucy Lu: yl4331@columbia.edu, Twitter: @LucyYuxi

Bensby+ 2014

Introduction: The bi-modality of the Milky Way disk 

5

Direction of chemical evolution

SN Ia

SN
 II

/S
N

 Ia

Old

Young

mailto:yl4331@columbia.edu


Lucy Lu: yl4331@columbia.edu, Twitter: @LucyYuxi

Martig+ 2015, Using APOKASCe ages from Pinsonneault+ 2014 

Introduction: The bi-modality of the Milky Way disk 

6
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~5% are young 

Are they truly young?
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~5% are young 

Jofré+ 2016

Hekker&Johnson 2019High fraction of binaries

High N

Jofré+ 2023

Thick-disk kinematics
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~5% are young 

Jofré+ 2016

Hekker&Johnson 2019High fraction of binaries

High N

Jofré+ 2023

Thick-disk kinematics

Are all young high-α stars from bianary 
interactions?
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~5% are young 

Jofré+ 2016

Hekker&Johnson 2019High fraction of binaries

High N

Jofré+ 2023

Thick-disk kinematics

Are all young high-α stars from bianary 
interactions?
Hard to tell! Most studies are on giants, 
and it is unclear whether they are 
merger products 
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Indication of youth: Rotation (e.g., Skumanich 1978, 
Barnes 2002)

mailto:yl4331@columbia.edu


Lucy Lu: yl4331@columbia.edu, Twitter: @LucyYuxi

Introduction: Finding young high-α stars in dwarfs 

12

Indication of youth: Rotation (e.g., Skumanich 1978, 
Barnes 2002)

- Caveat: Can be spun-up by binary interactions 
1. Close-by companion 
2. Stellar mergers
3. Planet engulfments
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Indication of youth: Rotation (e.g., Skumanich 1978, 
Barnes 2002)

- Caveat: Can be spun-up by binary interactions 
1. Close-by companion —Exclude binaries 

with RVs
2. Stellar mergers — Lithium (e.g., Ryan+ 

2001; Pinsonneault+ 2002; Ryan+ 2002)
3. Planet engulfments — Refractory elements 

(e.g., Ramirez+ 2009, Teske+ 2016, 
Melendez+ 2017, Spina+ 2021)
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Data: Finding young high-α stars in dwarfs 
APOGEE sample 
— No Lithium 
measurements but 
are single

GALAH sample  
Lithium 
measurements but 
unclear in binarity
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Result: Evidence of young high-α stars in dwarfs 
APOGEE sample 
— No Lithium 
measurements but 
are single

GALAH sample  
Lithium 
measurements but 
unclear in binarity

Total 41 
stars
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Synchronized 
Binaries

Result: Evidence of young high-α stars in dwarfs 
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APOGEE sample 
— No Lithium 
measurements but 
are single

GALAH sample  
Lithium 
measurements but 
unclear in binarity

Total 41 
stars

Synchronized 
Binaries

Lurie+ 2017

Result: Evidence of young high-α stars in dwarfs 
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APOGEE sample 
— No Lithium 
measurements but 
are single

GALAH sample  
Lithium 
measurements but 
unclear in binarity

Total 41 
stars

Total 25 
stars after 
excluding 
binaries 
with Gaia

Result: Evidence of young high-α stars in dwarfs 
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Meme credit: Dax Feliz 
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Old high-  populationα

Result: Evidence of young high-α stars in dwarfs 
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Old high-  populationα

Incorrect abundances/
Lithium detection limit

Result: Evidence of young high-α stars in dwarfs 
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Result: Kinematic and abundance properties
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Result: Kinematic and abundance properties
GALAH sampleAPOGEE sample
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Result: A case study — Gaia DR3 4749017924274496

Significant Lithium — 
Have not gone through 
stellar merger
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Result: A case study — Gaia DR3 4749017924274496

Reliable rotation period measurement — of an age of ~ 2 Gyr
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Result: A case study — Gaia DR3 4749017924274496

Agreeing RVs from 
multiple instruments  
— Period has not 
affected by a close-by 
binary companion
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Result: A case study — Gaia DR3 4749017924274496

No signs of planet engulfment
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Truly young High-α stars exist, how are they made?
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