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Introduction: The bi-modality of the Milky Way disk
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Introduction: The bi-modality of the Milky Way disk

~95% are young
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High fraction of binaries
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Are all young high-a stars from bianary
InteraCthnS" ~5% are young

Hard to tell! Most studles are on
glants, and it is unclear whether they
are merger products




Introduction: Finding young high-a stars in dwarfs

Indication of youth: Rotation (e.g., Skumanich 1978,
Barnes 2002)
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Introduction: Finding young high-a stars in dwarfs

Indication of youth: Rotation (e.g., Skumanich 1978,
Barnes 2002)
- Caveat: Can be spun-up by binary interactions
1. Close-by companion —EXxclude binaries
with RVs (APOGEE)
2. Stellar mergers — Lithium (GALAH)
3. Planet engulfments — Refractory elements

(e.g., Ramirez+ 2009, Teske+ 2016,
Melendez+ 2017, Spina+ 2021)

Lucy Lu: lu.3234@osu.edu



Result: PEPSI Spectra Followup

pEPS]) Potsdam Behelle Polarimetric
amnel Specitroscopic Instrunemnt

Selected stars:
- High-a stars in APOGEE or GALAH
- With rotation signal from K2 or Kepler
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Result: PEPSI Spectra Followup

PEPS Potsdam Echelle Polarmmeuric i
anc Spectroscopic Instrument AIP

Selected stars:
- High-a stars in APOGEE or GALAH
- With rotation signal from K2 or Kepler

- Bright: V. mag < 14 mag

- Visible in 2024 Fall
- Seeing < 1.8 arc
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Result: PEPSI Spectra Followup

PS ) Potsdam Echalle Polarmmmeeric
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Deep Sun Spectra: Nov 17, 2016
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Deep Sun Spectra: Nov 17, 2016
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Result: PEPSI Spectra Followup

Sample 2MASS ID Gaia DR3 ID V mag N Obs. Comb. SNR Obs. Date Exp. Time [s]
A-K2 | 03413908+2359163 68164639977312384 13.9 2 103 Oct. 25, 2024 1440
Nov. 1, 2024 1440
G-K2 | 03435417+1719250  44497171153467008 11 7 132 Sep. 20, 2024 240
Oct. 8, 2024 160
Oct. 8, 2024 160
Oct. 23, 2024 120
Oct. 31, 2024 120
Oct. 31, 2024 120
Nov. 1, 2024 240
G-K2 01084954-0030464 2533196969884293888 13.6 3 82 Oct. 21, 2024 1200
Oct. 31, 2024 1200
Nov. 24, 2024 600
A-K 18432994+4356589 2117326900207932288 14.2 1 47 Sep. 20, 2024 1800
G-K2 01064189-0027182 2533233700444556800 13.8 5) 111 Sep. 22, 2024 1320
Oct. 10, 2024 1780
Oct. 10, 2024 1780
Oct. 23, 2024 1320
Oct. 31, 2024 1320
G-K2 | 08280198+1913343 662897729347117312 13.0 4 85 Oct. 8, 2024 800
Oct. 8, 2024 800
Oct. 25, 2024 600
Nov. 1, 2024 600
A-K2 | 01231989+0031088 2534334689540935040  13.5 1 71 Oct. 25, 2024 1200
A-K2 | 01244193+0124528 2559177811173201920 12.9 5) 92 Oct. 8, 2024 780
Oct. 8, 2024 780
Oct. 21, 2024 600
Oct. 31, 2024 600
Oct. 31, 2024 600
A-K2 | 04314519+2502357 150907970912262016 13.7 1 117 Sep. 20, 2024 1320
A-K2 | 08443258+1116500 601835320304886400 13.7 1 o0 Nov. 24, 2024 1020
A-K 19101724+4944353 2132794829787857792 10.3 1 35 Sep. 19, 2024 30
A-K | 19380704+4708008 2128545109969957888  12.3 1 27 Oct. 25, 2024 1200
A-K 19580796+4052023 2075066724134857344 14.3 1 35 Sep. 20, 2024 2100
Lucy Lu: lu.3234@osu.edu 19

Observed stars:
- 9 APOGEE stars for Li measurements
- 4 GALAH stars for multiple RV

measurements



Result: PEPSI Spectra Followup

Observed stars:
- 9 APOGEE stars for Li measurements
- 4 GALAH stars for multiple RV

measurements

Sample 2MASS ID Gaia DR3 ID V mag N Obs. Comb. SNR  Obs. Date = Exp. Time [s]
A-K2 | 03413908+2359163  68164639977312384 13.9 2 103 Oct. 25, 2024 1440
Nov. 1, 2024 1440
G-K2 | 03435417+1719250  44497171153467008 11 7 132 Sep. 20, 2024 240
Oct. 8, 2024 160
Oct. 8, 2024 160
Oct. 23, 2024 120
Oct. 31, 2024 120
Oct. 31, 2024 120
Nov. 1, 2024 240
G-K2 | 01084954-0030464 2533196969884293888  13.6 3 82 Oct. 21, 2024 1200
Oct. 31, 2024 1200
Nov. 24, 2024 600
A-K 18432994+-4356589 2117326900207932288  14.2 1 47 Sep. 20, 2024 1800
G-K2 | 01064189-0027182 2533233700444556800  13.8 3 111 Sep. 22, 2024 1320
Oct. 10, 2024 1780
Oct. 10, 2024 1780
Oct. 23, 2024 1320
Oct. 31, 2024 1320
G-K2 | 08280198+1913343 662897729347117312 13.0 3 85 Oct. 8, 2024 800
Oct. 8, 2024 800
Oct. 25, 2024 600
Nov. 1, 2024 600
A-K2 | 01231989+0031088 2534334689540935040  13.5 1 71 Oct. 25, 2024 1200
A-K2 | 01244193+0124528 2559177811173201920  12.9 3 92 Oct. 8, 2024 780
Oct. 8, 2024 780
Oct. 21, 2024 600
Oct. 31, 2024 600
Oct. 31, 2024 600
A-K2 | 04314519+2502357 150907970912262016 13.7 1 117 Sep. 20, 2024 1320
A-K2 | 08443258+1116500 601835320304886400 13.7 1 50 Nov. 24, 2024 1020
A-K 19101724+4-4944353 2132794829787857792  10.3 1 35 Sep. 19, 2024 30
A-K | 19380704+4708008 2128545109969957888  12.3 1 27 Oct. 25, 2024 1200
A-K 19580796+4052023 2075066724134857344  14.3 1 35 Sep. 20, 2024 2100
Lucy Lu: lu.3234@osu.edu 20

Found 3 stars with:

- Confirmed high [Mg/Fe] ([a/Fe])

- Multiple RV suggesting against stellar
binary

- Significant Li measurements

- No signature of planet engulfments



Result: PEPSI Spectra Followup

Sample 2MASS ID Gaia DR3 ID V mag N Obs. Comb. SNR Obs. Date Exp. Time [s]
A-K2 | 03413908+2359163  68164639977312384  13.9 2 103 Oct. 25, 2024 1440
Nov. 1, 2024 1440 .
G-K2 | 03435417+1719250  44497171153467008 11 7 132 Sep. 20, 2024 240 Observed Stars
Oct. 8, 2024 160 .
ows2 1w = 9 APOGEE stars for Li measurements
Oct. 23, 2024 120
c<umw _ 4 GALAH stars for multiple RV
Oct. 32024 120 Stars 10r muitiple
Nov. 1, 2024 240
G-K2 | 01084954-0030464 2533196969884293888  13.6 3 82 Oct. 21, 2024 1200 measu rements
Oct. 31, 2024 1200
Nov. 24, 2024 600 ]
A-K | 18432994+4356589 2117326900207932288  14.2 1 47 Sep. 20, 2024 1800 FOund 3 StarS W|th
G-K2 | 01064189-0027182 2533233700444556800  13.8 5 111 Sep. 22, 2024 1320
Oct. 10, 2024 1780 C f d h h [M /F ] ([Q/F ])
Oct. 102024 1750 onftirmeda nig g/re €
Oct. 23, 2024 1320 . . .
LT s o = Multiple RV suggesting against stellar
G-K2 | 08280198+1913343 662897729347117312  13.0 4 85 Oct. 8, 2024 800 . _ . :
Oct. 8, 2024 800 b y - B y 't 'th
inar inary isn’t the reason
Nov. 1, 2024 600 .th .t . . f .t
A-K2 | 01231989+0031088 2534334689540935040  13.5 1 71 Oct. 25, 2024 1200 ese Siars are Splnﬂlng as
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s w = SlgNificant Li measurements —
Oct. 21, 2024 600
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Haven't gone through binary mass
A-K2 | 0431451942502357 150907970912262016  13.7 1 117 Sep. 20, 2024 1320
A-K2 | 08443258+1116500 601835320304886400  13.7 1 50 Nov. 24, 2024 1020 tranSfer
A-K | 19101724+4944353 2132794829787857792  10.3 1 35 Sep. 19, 2024 30 .
A-K | 19380704+4708008 2128545109969957888  12.3 1 27 Oct. 25, 2024 1200 N g t f pl t g If 't
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Result: Star 1 — 2MASS 03413908+2359163

K2 Data, 2MASS 03413908+2359163

0.0015 F : ”
0.0010 [ " . - T, ]
e S A '
= i
& 0.0005
=
5
T 0.0000 |
O
&
;’4 -0.0005 |
=
~0.0010 | ]
. = Best-Fit Model
000156+ AN S
2220 2240 2260 2280 2300 2320

Time [Day]

0.14 F = g r 0.0015 F7= v —
| —— Pt = 32.21 Days E i [ ) .
0.12 | ----- Half/Double Period i 1 00010fF® ", .
1 \ : ] 3 f st b
ey’ | 1 0.0005 |
bt ' - =
® 0.08 - , | @
S : : T 0.0000
o : R :
& 0.06 | , i ;
"' : : g -0.0005 |
0.04 : = ' o
[ i | °
0.02 .; ;L —0.0010 | : ]
0.0 M”“U N 00015k . . . . . P
Po- 10° 10! 0 10 20 30

' K% Data LS ,P,O,“.’?l_‘ 'Fold_('ed K2 Data, EEOChS:,32.73.

Period [Day] Folded Time [Day]

11 Y[!..yi/ljl] = 10.5347 dex

All spectra
| =~ Korg best-fit
¢ Fitted Spectra

pp——————. . ) o (————

Normalized Flux

|

[Mg/Fe] = 0.362 dex

|

b
-
o

O
~
ul

O
Ul
o

dl |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

e
e
4

O
N
3

Normalized Flux

&
oo ©
et

(). A A 1 A N |
6706 6707 6708
Wavelength [A]

Element

6709

=
-
S

5170 <3 g 5180 5185
Wavelength [A]

6710

C O Na K Mn C S Mg N V Ca T A
1.0 ¥ + + + + + + + + + + + + + + 1 . ‘ L 1 L loO L - 'l'(;'("' T};l '()'(r["l"'
: ! APOGEE DR17 | [ e syr, APOGEE
084 ¢ Refractory | * ¢ PEPSI | o [ —=- 4 Gyr, APOGEE
) i 0.8 | — 10 Gyr, PEPSI
061 T "» | { © == 4 Gyr, PEPSI
4 e I
= 1 - | E 62.8 1 ©o6lh Excluded Area
X 02t ¢ t M 1 g .
Q 00 + + O — Y — J 1 o
AR e e pae D T R R e D T S D D e T T D D - ¢ ;-c:ffff?.:==...---‘
+ + f > 4 U) 0.4 bt o o o ™ -
-0.2¢ * ! t o 62 6 © -
-0471 i . x< z O 2 L Svnchronized Limit _
-0.671 l I ! ! l { { ! ! — ! L X X | 1 Emiminikhiiilie himisiidiileendmiakiil
O R AT A I ST BN S 58000 60000 10° 191 102 10°
Condensation Temperature [K) MJD [Days] Perlod [Day]
Lucy Lu: lu.3234@osu.edu 22

Lu+ In prep.



Result: Star 2 — 2MASS 03435417+179250

K2 Data, 2MASS 03435417+1719250
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Result: Star 3 — 2MASS 01084954+0030464
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Truly young High-a stars exist, how are they made?
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Result: Formation pathway
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Result: Formation pathway
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Enhancements in Li
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Result: Formation pathway
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AGB mass transfer?
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Result: Formation pathway

Al X/ J
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AGB mass transfer?
Probably not, no enhancements in s-process elements
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Result: Formation pathway
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Matches with the typical solar twin Li-age trend, likely did not get Li from engulfing planets
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Result: Formation pathway

1.0
0.5
L
> 0.0
]
-0.5
~1.0

Enhancements in Al

0.9 0.6 0.5 0.4 0.4 0.3 0.3 (l%[)()(./zHo].ﬁo'B.tﬁllgﬁog‘R 0.1 0.1 0.1 0.1 0.1 0.0 0.0

ITTIIIIIIIIIITIIIIIITIIIIIIII]ITIIIIITTIIIIIIIIII]IIIIITTIIIIIII]IIIIIIIIIIIIIIIIIIIIIIIT]IIIIIIIII]IIII

¥ J04225528+1813234, Lu+ 2025 4 J01084954-0030464, This Work
¢ ]J03435417+1719250, This Work ¥ J03413908+2359163, This Work -

—

—

Lu+ In prep. -
| I T P P TS Y PP T T Y TS Y PP P TS S S P

A(LI)) Al V Ba Cu a Mn Zn Sc Si K Y Na Ti Ca Ni Mg Cr O Till
Element

Lucy Lu: lu.3234@osu.edu 31



Result: Formation pathway
A ol
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Similar process in Globular clusters?
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Result Formatlon pathway
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Result: Formation pathway
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