CHEMICAL ABUNDANCE
CHANGES IN STARS DURING
THE FIRST DREDGE UP
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WHY SHOULD YOU CARE?
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MIXING PROCESSES

Thermal Pulses and Third Dredge-Up

Increase in 12C and s—process elements

Major Mixing or Nucleosynthesis Events in order of occurrence

Second Dredge-Up
Increase in 4He, 14N and 23Na Decrease H, 12C, 13C, 15N
?l?
First Dredge-Up
Increase in 4He 13C 14N 170 23Na Decrease in C12 7Li 160 180
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CNO CYCLE

C, N, O isotopes act as
catalysts in the fusion of
H into He

Proton capture on N is
slow

» 14N accumulates in
the core

Y Gamma Ray

V  Neutrino
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STRUCTURE OF STAR AT END OF MAIN SEQUENCE
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STRUCTURE OF STAR AT END OF MAIN SEQUENCE
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After the first dredge-up, the
surface abundances change:

» N, He increase

» C, Li, 1*C/13C decrease



Bertelli Motta et al, 2016 [CIN] DECREASES AFTER THE
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SURFACE [C/N] AFTER THE FIRST DREDGE-UP DEPENDS ON STELLAR MASS

_ _‘ L R B B L B B B ngher mass star:
_4_ "‘\l/ 2,\0 M, 7=0.014 |
“He, [ V= Okm /s 4 > larger zone where 2C
0 \ ] ~ 14
S B H burned into **N
. \ \ i .
o I /\-— PO __ 1 > convective envelope goes
= i /f/ |13 - deeper during dredge-up
| 23N a / ]
AR /I \ N
O L \I 180 - 5 i
S| | 3
L il =
~ e T — 7] >
9 0.2 04 0.6 0.8 1

M /M* E 2 3 4 5

Initial mass My (Mg)

Charbonnel & Lagarde 2010 Karakas & Lattanzio 2014



SURFACE [C/N] AFTER THE FIRST DREDGE-UP DEPENDS ON STELLAR MASS
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Higher mass star:

> larger zone where 2C
burned into *N

> convective envelope goes
deeper during dredge-up
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[C/N] AS AN AGE INDICATOR
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[C/N] AS AN AGE INDICATOR?
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» calibration of observed [C/N]
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THE FIRST DREDGE-UP IS NOT THE ONLY MIXING PROCESS
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EXTRA-MIXING ALONG THE RGB
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Mixing efficiency increases <
for small masses and low
[Fe/H]
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A(Li)

[C/Fe]

THERMOHALINE MIXING
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Favourite mechanism to date
but uncertainties

» upper mass limit
» value of mixing efficiency

» mismatch between stellar
models and 3D simulations



OBSERVED CORRELATION BETWEEN [C/N] AND MASS
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OBSERVED CORRELATION BETWEEN [C/N] AND MASS

1475 stars in APOKASC = APOGEE + Kepler
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EMPIRICAL MODEL FOR MASS AS A FUNCTION OF SPECTROSCOPIC LABELS

3.0 | e

(b) mass = f([M/H],[C/M],[N/M][C+N/M]log(g). Terr) .~
25 *__ | Training set: 1475
i oo giants in APOKASC
2 /, - ——
P | by - | (APOGEE+Kepler)
CEU .
D
5 15}
2
g
al
1.0}
8.2 ot
= 02}
0.0}
= 0.2}
< 04}
0.5 1.0 1.5 2.0 2.5 3.0

True mass [Mg]



MASS AND AGE ARE CORRELATED
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WE ALSO BUILD A MODEL FOR AGE
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MASS/AGE TABLES TRANSFERRED TO APOGEE DR12 STARS
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AGES FOR RED CLUMP STARS
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RADIAL AGE GRADIENT AT A GIVEN HEIGHT ABOVE THE PLANE
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Galactic height, z (kpc)
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WHERE DO WE GO NEXT?

» Improve age determinations: new APOKASC sample,
upcoming K2 data, Gaia + spectroscopic surveys
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WHERE DO WE GO NEXT?

» Improve age determinations: new APOKASC sample,

» Direct comparisons with simulations
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WHERE DO WE GO NEXT?

» Improve age determinations: new APOKASC sample,
upcoming K2 data, Gaia + spectroscopic surveys

» Direct comparisons with simulations
» Comparisons with nearby galaxies!

MUSE data for nearby edge-on disk galaxies (2 from own
programs + 3 from F3D survey)

Pinna et al submitted + in prep, Martig et al in prep



w
o

[ N
o

o

llllIllllIlllllllll

Y (arcsec)

N
o

[

Y (arcsec)

— N
o

o

Y (arcsec)
Illlllllllllllllllllllll

|
=
o

|

N

o
i

-20
X (arcsec)




Y (arcsec)

Y (arcsec)

Y (arcsec)
o
T

|
N
o
1

I
o
o

I

—-80

—-60

|
—40 -20
X {arcsec)

0

20 40




WHERE DO WE GO NEXT?

» Improve age determinations: new APOKASC sample,
upcoming K2 data, Gaia + spectroscopic surveys

» Direct comparisons with simulations

» Comparisons with nearby galaxies!

MUSE data for nearby edge-on disk galaxies (2 from own
programs + 3 from F3D survey)

Pinna et al submitted + in prep, Martig et al in prep
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