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SOLAR-LIKE OSCILLATING STARS:

STANDARD CLOCKS AND RULERS FOR GALACTIC STUDIES

Desirable properties:

® intninsically luminous

2  humerous

photospheric composition proxy
of the ISM at time of birth

@

® pulsation spectrum rich yet simple

@ precise distance and age Indicators
span a wide age Interval sampling look-back
times as long as the age of the Galaxy.
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ENSEMBLE SEISMOLOGY OF G-K GIANTS
» Radius m) distance

Pulsating stars as distance indicators:
RR Lyrae, Cepheids: P « (M/R3)-!/2

log(P)=a log(L) + b log(M) + c log(Tefr) + d

Leavitt 1912
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HARVARD COLLEGE OBSERVATORY.

CIROULAR 1748.

PERIODS OF 25 VARIABLE STARS IN THE SMALL MAGELLANIC
CLOUD,

The following statement regarding the period= of 25 variable stars in the
Small Magellanic Cloud has been prepared by Miss Leavitt.

A Catalogue of 1777 variable stars in the two Magellanic Clouds is given
in HA. 60, No. 4 The measurement and discussion of these objects present
problems of unusual difficulty, on account of the large ares covered by the
two regions, the extremely crowded distribution of the stars contained in
them, the faintness of the variables, and the shortness of their periods. As
many of them never become brighter than the fifteenth magnitude, while very
few exceed the thirteenth magnitude at maximum, long exposures are neces-
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ENSEMBLE SEISMOLOGY OF G-K GIANTS

e Mass I age

GIANTS:

Age(RGB)~ TH
TH~M/L
L~Mn n~35

Age(RGB)~ M-



ENSEMBLE S

CISMOLOGY OF G-K GIANTS

o Mass m) age

GIANTS:

Age(RGB)~ TH
TH~M/L
L~Mn n~35

o

Age(RGB)~ M-

log(g) < 3.5
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M+[Fe/H]:"chronometer” for evolved stars



first steps

coordinated activities

next steps
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ENSEMBLE SEISMOLOGY OF G-K GIANTS

CoRoT: the pioneer

~ | 000 red giants in CoRoT's
L RcO | exofield | | <R<I6

Hekker et al. 2009

seismology of populations of stars!

population @xpected

Miglio et al. 2009



ENSEMBLE SEISMOLOGY OF G-K GIANTS

observed vs synthetic populations

Vmax AV

Model - TRILEGAL .
Girardi et al. 2005
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iglio et al. 2009



ENSEMBLE SEISMOLOGY OF G-K GIANTS

observed vs synthetic populations

Vmax AV

Model - TRILEGAL .
Girardi et al. 2005

o B BB B E S

iglio et al. 2009

bear the signature of the population’s
mass and radius distributions



ENSEMBLE SEISMOLOGY OF G-K GIANTS

empirical tests of scaling relations
e.g.

@ a few nearby/CoRoT dwarfs and giants
Bruntt et al. 201 |, Miglic 201 |, Bedding 201 |, Lagarde et al. 2015

e interferometry
Huber et al. 20| 2

& Kepler dwarfs+ Hipp parallaxes
Silva Aguirre et al. 2012

& NGC6791, NGC6819, NGC681 |, NGC6633:

Miglio et al. 2012, Brogaard et al. 2012, Sandquist et al. 2013, Lagarde et al. 205

model-based tests of Av scaling relation
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EARLY RESULTS: DISTANCES
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EARLY RESULTS: DISTANCES
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EARLY RESULTS: DIFFERENTIAL POPULATION STUDIES

obser‘vedm

Fraction
(=]

Z1Ra01 < ZLRcOI

Miglio, Chiappini, Morel et al. 2013



EARLY RESULTS: DIFFEREN TIAL POPULATION STUDIES

observeqﬂ

CJLRa0
CJuRem
ZIRa0| < ZLRcOl
3_.‘_ 35 E a B & i
Miglio, Chiappini, Morel et al. 2013
[ —
: TRILEGAL
synthetic
05 0.4 0.25
[—JLRao1 m
0.45 0.25 B LR
0.4 ool n
0.3
.35
_ 03 - i n _ 0.15
g 0 =3
T 0.25 T 0.2 G
i T ¥ .y
0.2 015 0.1
0.15 ] [T
0.1
0.1 .05
= "~ _Iﬁhlﬂki dmﬂi] ],
i ' il [ - . IRICRNN]
0 10 20 30 Ll 0.5 1 1.5 2 25 3 A5 -I a8 B.5 4 9.5 10 10.5
s g O logiAge [yr])

r



+ photospheric constraints

from SAGA, APOKASC, COROGEE, GESS

e.g.

Pinsonneault et al.

i e
Ly T
Martig et al.

—_— — |

Chiappini et al.

Casagrande et al.

Anders et al.

Valentini et al. UNIVERS[TYOF

BIRMINGHAM



what have we learnt

UNIVERSITYOF
BIRMINGHAM



Need to combine expertise:

2010 Roma

Ritrmpkpioas vl s Jaear Fiooeekigi

Andrea Migho
Jesefinin Montalban
Arlette Moels Fowrs

Red Giants as Probes
of the Structure

and Evolution of
the Milky Way

o stellar evolution

@ asteroseismology
% spectroscopy

@ galactic stellar populations studies
@ chemodynamical models of the MW

2013 Sesto

Aidsmplipilis aied Sjpace Tiedce Proessbings £

Andrea Miglio

Patrick Eggenberger

Léo Girards

fosefina Montalldn  Faifors

Asteroseismology
of Stellar

Populations in the
Milky Way

e.g.

Uncertainties in Models of Stellar Structure and Evolution ..
Arlette Noels and Angela Bragaglia

Photospheric Constraints, Current Uncertainties in Models
of Stellar Atmospheres, and Spectroscopic Surveys............
Bertrand Plez and Nicolas Grevesse
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seismology

of 5! Ellar Populations

Open collaboration, 3 areas of expertise:

® Galactic astrophysics

© Spectroscopy

Stellar structure,

evolution, seismology

s from ~20 countries

~ 00 scientis



Analysis and interpretation of
K2 data for Galactic studies:
a collaborative effort

& K2 data analysis

& spectroscopy
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laborative effort

© K2 data analysis
& spectroscopy

& modelling
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example |

Analysis and interpretation of
K2 data for Galactic studies:
a collaborative effort

& K2 data analysis
& spectroscopy

@ modelling

APOGEE spectroscopy,
photometry / reddening

spectroscopy of bright
ushjects
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APOGEE / photometry |
! musle llimg



_—

‘ H I H \ spectroscopy of bright
| Gyula nhjects

bnighier objects
Holger “ Lehman I I‘ Thusringer
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& K2 data analysis
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@ modelling
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example 2 T )

12

isochrone fitting (old problem),
has to be revisited In the light
of new constraints |

o

systematic uncertainties: o
collaborative project —PeTL Ve

— EARSTEC, Y=0.270, £0=0.019
2 = = -MESA, ¥0=0.264, Z0=0.018, u=1.676. OvH=0.00, CvHe=0.020 |

Involving several codes o Vo oo

STAREVOL, Y0=0288, ZD=0.014
= GEMNEWA, MoRol Y= 266, Z0=0.014
—— CLES, Yi=0.266, 20=0.018, 0=1.671, OvH=
—Y¥REC, Y0=0.264, Z0=0.017, =180

1.5 2

L]
o 0.5 1
logiLL_ )
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example 3

asteroSTEP:

Hare&hounds
exercises

GALACTIC ARCHEOLOGY
WITH CoRaT, Kepler, AND K2
HARE&HOUNDS EXERCISES

arorza mighe®, luca Geagrandce, jork die ndder, gol Seowika on behatl of

the astercSTEF colaboration'
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o

GALACTIC ARCHEOLOGY
WITH CoRoT, Kepler, AND K2:
HARE&HOUNDS EXERCISES

andrea miglic®, luca casagrande, jons de ndder, gail zasowski on behalf of

o

the asteroSTEP collaboration!

Inferring the full, detailed chemodynamical evolution of the Milky Way is a long sought-after goal
now being made achievable by unprecedented quantities and types of stellar catalogs. However,
interpretation of these data relies critically on understanding the uncertainties and biases inherent
to the methods used, Here, we report on the status of a large collaborative project that aims at
assessing under which conditions and with which accuracy the properties of a stellar population
can be recovered, given current state-of-the-art analysis methods. We seek a comprehensive
understanding of the impacts of target selection biases and uncertainties on classical
(spectroscopic, astrometric, photometric) and asteroseismic data. In this poster, we describe
how this collaboration s structured into teams and tasks, the generation of mock Milky Way
catalogs, and progress along other aspects of the project,
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HARE&HOUNDS EXERCISES

andrea miglio®, luca casagrande, joris de ndder, gail zasowski on behalf of

the asteroSTEP collaboration'

Inferring the full, detailed chemodynamical evolution of the Millky Way is a long sought-after goal
now being made achievable by unprecedented quantities and types of stellar catalogs. However,
interpretation of these data relies cntically on understanding the uncertainties and biases inherent
to the methods used, Here, we report on the status of a large collaborative project that aims at
assessing under which conditions and with which accuracy the properties of a stellar population
can be recovered, given current state-of-the-art analysis methods. We seek a comprehensive
understanding of the impacts of target selection biases and uncertainties on classical
(spectroscopic, astrometric, photometric) and asteroseismic data. In this poster, we describe
how this collaboration is structured into teams and tasks, the generation of mock Milky Way
catalogs, and progress along other aspects of the project.
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Team C:

Retrieving the stellar parameters

members: Victor Siva Aguirre, Dennis Stello, Thaise
Benoit. Mosser, Orlagh Creevey, Mounzio Solaris,

Santino Cossisi, Adriano Pietrinferr, Sarbani Base, fosefing
Mantalban, Aldo Serenelli, Marie Martig, Scilla Degl Innocents

» Use stellar evolution and pulsation codes to model

now being made achievable by unprecedented quantities and types of stellar catalogs. However,
interpretation of these data relies critically on understanding the uncertainties and biases inherent
to the methods used. Here, we report on the status of a large collaborative project that aims at
assessing under which conditions and with which accuracy the properties of a stellar population
can be recovered, given current state-of-the-art analysis methods. We seek a comprehensive
understanding of the mpacts of target selection biases and uncertainties on classical
(spectroscopic. astrometric, photometric) and asteroseismic data In this poster, we describe
how this collaboration 1s structured nto teams and tasks, the generation of mock Milky Way

catalogs, and progress along other aspects of the project.
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Retrieving the stellar parameters :
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Team C:
Retrieving the stellar parameters
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Santino Casstsi, Mmﬁemﬁnthhﬂnﬂmjmﬂu
Mantalban, Alda Serenelli, Marie Martig, Sallia Deglinnacenti

+ reddening
and extinction

= Use stellar evolution and pulsation codes to maodel -08 04 &% LB 18 20 2%

the "observed” stellar properties to estimate their age,
distance, mass, etc.

» Carefully keep record of the assumptions you use,
such as which opacities you use, muing length,
overshoot parameter, eic.

» Na information from team A will be avaslable.

(B—¥)

* email address: amighofbham.ac.uk

from |6 couniries are members of asteroSTER

‘asteroecsmology of STEarPopulations aims to foster; and coordinate,
collaborations betwesn researchers interested in stellar population
studies using CoRaoT, Kepier, and K2 data. Currently about 30 scientists
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first steps

coordinated activities

next steps
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cnsemble seismology

@ impose that a solution (Vmax, Av, [Fe/H], Teg)
belongs to an evolutionary track



cnsemble seismology

@ impose that a solution (Vmax, Av, [Fe/H], Teg)
belongs to an evolutionary track

@ consider model-computed Av



cnsemble seismology

@ impose that a solution (VYmax, Av, [Fe/H], Teg)
belongs to an evolutionary track

@ consider model-computed Av

consider period spacing, small frequency

separations



cnsemble seismology

impose that a solution (Vmax, Av, [Fe/H], Teg)
belongs to an evolutionary track

@ consider model-computed Av

_consider period spacing, small frequency

separations

® model individual frequencies
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cnsemble seismology

impose that a solution (Vmax, Av, [Fe/H], Teg)
belongs to an evolutionary track

consider model-computed Av

consider period spacing, small frequency
separations

model individual frequencies

examples of current efforts in Birmingham



TESTING NEAR-CORE MIXING IN RC STARS

350+
|

Selacted obsarvad Mass range: 1.3 = MM n = 1.7, Mm=1'§ild-

035 Y
I Wosser at &l (2014) AGE
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4 B Bare Schwarzschisd [BS)
200 pest .
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) 02
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1H, penetrative convection (PC) - 015} |
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Bossini et al, in preparation -
180 200 50 00 a5 4404
Paricd Spacing [5]

testing stellar structure

Improve accuracy of
model predictions



SEISMOLOGY OF GIANTS IN CLUSTERS

mean density from individual radial-
modes frequencies

Anthony-Twarog et al, (201 3)
l . l 11 : - ‘J: - .1 r : : . ; : .
& more stringent tests of scaling relations T i i G clump
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ACOUSTIC GLITCHES IN GIANTS

CoRoT

Hell ionisation zone In a red giant
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ACOUS TTC GLITCH

Kepler giants in NGC6819

KIC 5113041 — 4w, = 3.0043 uHz
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ACOUS TTC GLITCH

=S IN

Kepler giants in NGC6819

KIC 5113041 — Ay, = 3.0943 uHz

GIANTS
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aiming for the Milky VWay but ...
need for accurate stellar models!

average seismic parameters depend to some extent on
stellar structure (and physics within)

iInternal mixing: interpretation of photospheric abundances

age estimates: model dependent



aiming for the Milky VWay but ...
need for accurate stellar models!

average seismic parameters depend to some extent on
stellar structure (and physics within)

iInternal mixing: interpretation of photospheric abundances

age estimates: model dependent

CoRoT, Kepler, K2: calibration fields for GAIA
and gold standards for Galactic astronomy



PLATO: FIELD OF VIEW
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DISCUSSION

would an open platform to exchange expertise / foster
collaborations be worth keeping / expanding!?

K2: no proprietary light curves, but proprietary spectroscopic data:
“run away and publish” or wide collaborations?

Hare&Hounds exercises are the way to go!

asteroseismology of red giants: just scratching the surface

asteroseismology of sun-like stars: few and nearby targets, but relevant
as age calibrators

age determination: precision vs. accuracy.
differential ages as a first step?



DISCUSSION

o PLATO: come up with criteria for target/field selection,
lobby for targets
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) 592. WE-Heraeus-Seminar — 1st to 5th June 2015

Reconstructing the Milky Way's History: Spectroscopic Surveys, Asteroseismology and
Chemodynamical Models

Venue:

Physics Canter Bad Honnef

Hauptstrasse 5

53604

Bad Honnef (near Bonn, Germany) Elne Hetass SHltung.

The Phwsics Center is run by the Deutsche Physikalische Gesallschalt e, V. (DPG) and is supported by the Pk Fare 16 lsam morne about
Liniversity of Bonn and the state Narth Rhine — Westphalia, the foundasion.

The stately mansson housing the Physikzemtrum ks surrounded by a park at the foot of the Siebengebirge ("The
Seven Hills") on thie right bank of the Rhine River.

The Physics Center Bad honnef is located near Bonn (15 km) and Cologne (40 k). K 1 W

Accomodation and Meals: Imporiant Dates:
All participants will be hosted in the beautiful Bad Honnef mansion, [ Registration opens: 151 November 2014

Meals and accomaodation will be covered by the organizers. Regrstration closes: 15th March 2015
Some support is available for travel expenses of invited speakers. Abstracts Deadline: 15th Mareh 2015
We are allowed a maximum of 70 participants. Conference dates: 1-5 June 2015

https://escience.aip.de/592-WE-Heraeus-Seminar/cms/
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