Red Clump Stars, Stellar Twins, and Ehe
Prospects ofy Chemical Cartography with Gaia
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[Mg/Fe] as a function of spatial position in Gaia-ESO

Adapted from Greg Stinson and Maria Bergemann.

Ingredients : chemical abundances, Distances,
sky positions, ?




What can cartography tell us

Chemical hiStory - - = circular orbits

—— churning

across the galaxy

chemical
9< R <11
substructure O 1. 1 = 0.02
11< R<13
) Y1 = 0.17
Radial migration ; 13 < R <15

Hayden+2015

Note: This (and many Galactic structure) work(s) made use of Red Clump Stars



Ingredient 1: chemical
abundances
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Chemical Labelmg
space!

Galactic components ‘cluster’ in chemic
(cartography is the next step —> need distances)

* [C+N/Fe] < 0.05 * [Mg/Mn] > 0.12
[C+Nch] > 0.05 ’ . * ...‘ °* o [Mg/Mn] < 0.12
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R. Wyse Talk, Hawkins+ 2015b; see also Hogg+2016, Blanco-Carisma
+2016, Lambert+2017, Ness+2017; and many others




Ingredient 2: Distances

This 1s the cosmic distance ladder.
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Distances: Red Clumr

Post Main-Sequence Evolution for a Star of 1M,

log Luminosity (L,)

post-AGB “
1stthermal pulse

Core He exhaustion

Core He-flash
Red clump

He-burning Red Glant
1stdredge-up

Core H exhaustion

ZAMS
log Surface T (K)

Use Gaia parallaxes to assess:

(1) How good of a standard candle is the RC? (2) Update magnitude of RC in
J, H, Ks, W1, W2, W3, W4, G, NUV*




Parallax cut at 30%
(prior v.s. data
dominated posterior)

N ~ 970 (30%)

N ~ 180 (10%)

® APOlIm
A Bowy
¢ APOKASC

fl(,‘y
® ?

APOKASC (Elsworth+2016), APOGEE-RC (Bovy
+2014), Laney+2012, APO1m (Feuillet+2016)



Distances: Red Clump
The Model



Distances: Red Clump
The Model

RC



Distances: Red Clump
The Model
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Distances: Red Clump
The Model

M, Oom — RC
" M.=M, Omc — cont.
fout— fraction of contamination

Contaminates




Distances: Red Clump
The Model

M, om—RC
" M.=M, Omc — cont.
fout— fraction of contamination

Other important parameter(s):
L — scale-length of exponentially decreasing
space density prior (Bailer-Jones+ 2015;
Astraatmadja+2016)

Contaminates

M,



Distances: Red Clump
The Model

M, om—RC
" M.=M, Omc — cont.
fout— fraction of contamination

Other important parameter(s):
L — scale-length of exponentially decreasing
space density prior (Bailer-Jones+ 2015;
Astraatmadja+2016)

‘Nuisance parameters’
- distance
- Extinction

Contaminates

M,



Distances: Red Clump
The Model

M, om—RC
" M.=M, Omc — cont.
fout— fraction of contamination

Other important parameter(s):
L — scale-length of exponentially decreasing
space density prior (Bailer-Jones+ 2015;
Astraatmadja+2016)

‘Nuisance parameters’
- distance
- Extinction

Contaminates

M,

Use STAN statistical software to sample posterior in parameters



Red Clump K(JHG+)-Magnitude

My = -1.62 +/- 0.013 ; Omk = 0.17+/- 0.02; four ~ 17%
M = abs mag

M = —1.6275:01

OMm =
dispersion of
abs mag

_ +0.02
opy = 0.1770'02

OM,out =
dispersion of
aps mag of

outlier

_ +0.10
omout = 0.715570g
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Hawkins+ 2017 in
prep




Red Clump K(JHG+)-Magnitude

My =-1.62 +/- 0.013 ; Omg = 0.17+/- 0.02; four ~ 17%

M = abs mag
M = —1.627001
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Hawkins+ 2017 in
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Red Clump K(JHG+)-Magnitude

M,
(mag)

+0.44+0.01
—-0.93+0.01
-1.4610.01
-1.62+0.01
-1.68+0.02
—-1.69+0.02
—-1.68+0.01
-1.76+0.01

Good

oM A
(mag)

0.20 =0.02
0.20 £0.02
0.17 £0.02
0.17 £0.02
0.10 £0.04
0.20 =0.03
0.16 =0.02
0.16 £0.02

UMA,out

(mag)

0.7510.08
0.72+0.09

0.71+0.09

0.71-{-0.10

e

0.84+0.10

0.7440.08

+0.09
0.73 Z0.07

L
(pc)

215.6+4.2
213.5+4.0
2133755
222.6+4.3
231.5+4.8
237.814.8
228.3+4.6
221.1+4.5

fout

0.18+0.04
0.13£0.05
0.18+0.05
0.17£0.05
0.15+0.04
0.15+0.04
0.18+0.05
0.18+0.05

Agreement with literature:

Hawkins+ 2017, in prep

Poor
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RC in Galex NUV &

GAIS + TGAS, GSF extinction with RC stars
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Mohammed+ (with KH), 2017 in prep




RC in Galex NUV

4 6 10
(NUV - E,, ,* 7.24) - (G - E, ,* 3.303)

Mohammed+ (with KH), 2017 in prep




Stellar Twins
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Interests: Use twins to map the bulge, obtain distances to stars
at larger distances than Gaia can reach

credit: IoA, Cambridge



- F-type stars: HIP65046 — HIP28150
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Distances: Stellar Twms

Wavelength [nm]

wy =w X 10

Twin parallax [mas]

:l mean: 0.33/stdev: 7.52 [%]|
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Jofre et al. 2016




Distances: Stellar Twins

Isochrone fitting

e ESEE
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Trigonometric parallaxes
+o-+4 VLBI
Hipparcos . .|
\ M @ 4 aig 1D
(7.45+/-0.3 mas )

Adapted from Melis et al. 2014

Binary orbits

Moving cluster

———— 4
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Spectroscopic twins

130
Distance [ parsec ]

TWinS USEd 10 help lSEtt].e’ Pleiades debate Madler et al. (incl. KH) 2016

Figure taken from Gaia collab. et al. 2016



Stellar Twins in APOGEE

Alternative ways to find stellar twins: X?

6000 3000 10000 12000 14000
\'.2

~600 APOGEE-TGAS stars with quality spectra+ASPCAP params




Stellar Twins in APOGEE
Alternative ways to find stellar twins: X?

0.40

0.35
A

& 0.30
<t

2 0.25
A 0.20
5 0.

< 0.15

VY 0.10

0.05 ' ' '
5000 10000 20000 25000

1.2

O [
0.0 -

o(Aw/wraas)
o
o

0.4

1 1 1
5000 10000 20000 25000

X2




Stellar Twins in APOGEE

Alternative ways to find stellar twins: X?



Stellar Twins in APOGEE

Alternative ways to find stellar twins: X?

— 2M19395416+4401176
—  2M13001977+5543505




Stellar Twins in APOGEE

Alternative ways to find stellar twins: X?

— 2M19395416+4401176
—  2M13001977+5543505




What are the Prospects for chemical
cartography?
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[Mg/Fe] as a function of spatial position in Gaia-ESO

Adapted from Greg Stinson and Maria Bergemann.



What are the Prospects for chemical
cartography?

IMg/Fe)

-0.16-0.080.00 0.08 0.16 0.24 0.32 040 048

.

O IR 7 Lo eag WAIOHE

>

- . W
™ e

[Mg/Fe] as a function of spatial position in Gaia-ESO

Adapted from Greg Stinson and Maria Bergemann.

Great! with RC stars, Gaia, stellar twins and a
ton of large surveys for chemistry.



