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Stellar ages

T

= Why are they important? [See poster #2]
= For planetary system evolution studles
= For star formanon history...

= But stellar ages difficult to determine for low-
mass field stars: : k/

.
= Among a given cluster, coeval stars but more
difficult for field stars *' ‘-

= Some stellar phases evoIvQ\ore or less rapidly
ydependmg on stellar mass

S
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History of age/rotation/activity
relations



How do we measure ages?

= (Clusters, Binaries...
= |ithium measurement
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How do we measure ages?

= (Clusters, Binaries...
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How do we measure ages?

= (Clusters, Binaries...
= |ithium measurement

.

Field stars:

® |sochrones {

= Asteroseismology -
s 2 .

L
-..‘GVrchrc}nology B

= Chromochronology (?)
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A little bit of history...

For 3 young clusters and
based on

- Rotation

- Magnetic activity

- Lithium

Derived a law with age:

»
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[e.g. Kawaler (1988);
MacGregor & Brenner (1991)]
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A little bit of history...

FIQ%M%fFTT????
BUT dependency with the C
stellar mass 8 (

[e.g. Kraft, 1967; Epstein &
Pinsonneault, 2013] .

.

M>1.25M,: faster rotation

— FIELD NON-EMISSION

o

| |
350 400

[Kraft, 1967]
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C and | sequences

C (convective): i 2391 oMy oo Per Sour e
fast rotators

| (interface): :
slow rotators«

SOMy

- £

Period (day)

P(B—V, 1) = f(B~ V)g(t),
fB-V)=a[(B-V)—c]",
glt) =t".

Period (day)

‘Young Mt. Wilson 800 My?  Old Mt. Wilson 4.5Gyr
1

0.406081.01214160406081.01.214160406081.01.214160406081.01.21416
(B_V)o (B_V)o (B_V)o (B_V)o

[Barnes et al. 2003, 2007]
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Relation with magnetic activity

R’ index of young clusters with known

: oy - 10 §
ages and field stars with isochronal ages

Derive a relation R’ vs Age

> . 9
Also adds dependence with B-V. =
)
N
)
o]
.
o]
o 8
. Soderblom et al 1991 (line)
| _ _ — Soderblom et al 1991 (CSFR)
| — — Donahue 1993
'7 - Lachaumme et al 1999

Mamajek & Hillenbrand 2008

-5 —4.5 —4
log Ryg

[Mamajek & Hillenbrand, 2008]
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Chromospheric activity and age

CA measured in at least

. ’ 4 studies (studies with
CA indexes and ages (GCS) of - | X “inore measurements

= Cluster stars | ' count twice)

~ . -
= ~500 field dwarfs . _ e CA measured for a full
cycle

No evolution of R’ after 1.5 Gyr.

.
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[Pace (2013)]
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Measuring rotation and magnetic
activity



How do we measure rotation and

magnetic indexes?

= Spectroscopy
= Broadening of the lines (vsin i)
= Changes in absorption lines (CaHK, Halpha...)\

= Spectropolarimetry

= Gives'a measurement of B and its topolog
[e.g. Fares et al. 2009; Petit et al. 2011; Auriere et-al 2012;

Mardsen et al. subm.|

= Light curves s
e & <

A

%
> h

S S
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Surface rotation

= Stellar spots crossing the visible disk of stars
= Modulation in light curves

Virgo Blue Channel

2080 2100 2120
Time (days)
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Surface rotation

= Stellar spots crossing the visible disk of stars
= Modulation in light curves

Solar Activity Mihimum
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How do we measure rotation periods?

= Spectroscopy

= Broadening of the lines (vsin i)

" Changes in absorption lines (CaHK, Halpha...)\
= Spectropolarimetry

= Gives'a measurement of B and its topolog

[e.g. Fares et al. 2009; Petit et al. 2011; Aurlere et 2012;
Mardsen et al. subm.|

. B

. nghtcurves R ol ' -

P Perlod ogram [Nielsen et al. ZOIQRemhold et al. 2013]

[Mathur et al. 2010; Vida et al. 2014;
athur et al. 2014;Garcia et al. subm.]

'B* Tlméyfrequency
3 AUtO :!)rrelahon [McQuillan et al. 2013a, b; Mathur et al. 2014]

' .

10/07/14 CoRoT3-KASC7 conference



How do we measure magnetic
activity?

QlQZ QS Q4 Q5 Q6 Q7 Q8 Q9 QlO Qll 12 Q13 Q14 Ql5 QlG

= Standard deviation of time series: S,

0 200 400 600 800 1000 1200 1400 - GIobaI indeX1<Sph>
Subseries of length k x P,
g Y

Time (days)

= Contrast: C
' \ il C= Sph’max/sph,min &8
‘u (’N “'!
LN n Tlme-fre.quency analysis:
T A ’mxy of magnetic activit
0 200 400 600 oo 1000 1200 1400 4 Butterﬂy dlagram

Time (days)
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2x10%}

Avg variance
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[Mathur et al. 2014, Kié{ﬁ](days)

10/07/14 CoRoT3-KASC7 conference 18




Seismology inputs



= Stellar models:

Stellar Modeling
f N\

= Observables:
= Spectroscopic:
Diffusion ‘ T« Fe/H, logg, L
" Seismie: Av,
Y

Composition
. Y

Equation of state Max’ .. 4

Opacities y S\

Mixing length theory, -
-

Overshoot? %"
-

Find the best model that fits all the observables available

10/07/14
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Stellar modeling

= Best-fit model

" Grid modelin
8 [Chaplin et al. 2014]

= E.g. Asteroselsmlc Modeling Portal
[Metcalfe et al. 2009] -

.

=l arge sample of stars :
: [Mathur et al., 2012; Metcalfe et wm ] .

»

= Improve preC|5|on on M, Rﬁe

%truc’tu re
¥ ) )
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Effect of rotation on modes

ob B 1.0F
0.8f . 0.8}
0.6} 0.6}
~ 0.4 0.4}
0.2f 0.2}
0.0 : 0.0
i =90° )
. ‘ ‘. ’ >

Internal rotation:

e Rotational splitting

- T "gaelﬁs on inclin 'On'angle
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Effect of rotation on modes

1.0 1.0
0.8f Pl
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Internal rotation: 2
c

- Rotational splittini
e !é’;?elhs on inclindtion angle

Radiative Convective

[Garcia et al., 2007 Science]
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Hints of a magnetic-activity cycle

Time (years)
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Hints of a magnetic-activity cycle

HD49933
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With Kepler



Clusters of Kepler

NGC 6819

NGC6811 Age~1Gyr T
Analysis of surface rotation of 71 stars

(1 Gyr)

NGC 6866
(0.5 Gyr)

T T T T T T

Extrapolation, t = 1 Gyr
= 3.4 days
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[Meibom et al. 2011]
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Gyrochronology with field stars

Surface rotation periods measured for 34,000 stars with ACF
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MMS09 |1

6000 5500 5000 4500 4000 3500 3000
T (K) [McQuillan et al. 2014]

Few stars older than 4.5 Gyr L
Many stars are younger than 1Gyr [See T. Mazeh’s talk]
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See Poster #110 of

Solar-like stars

Av (uHz)

Analysis of 540 solar-like stars with asteroseismic

constraints on mass, radius, and age
[Chaplin et al. 2014] o ()

Number of stars
Number of stars

Chiaal ] Fararil AT Ll 1 | l
0 20 40 60 80 1000 20 40 60 80 1000 20 40 60 80 100 15 20 25 30 15 20 25 30 15 20 25 30
log <Sppy=s> (PPM)

P (days)

[Garcia et al. subm. to A&A]
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Age-rotation relationship

15 stars also modelled by the Asteroseismic Modelling Portal

log Prot = (0.52 + 0.09) log(®) + (0.99 + 0.06),
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0.4 0.6 0.8 1.0
log Age (Gyrs)[Garcia et al. subm. to A&A

In agreement with Skumanich (1972), Barnes (2007) and Mamajek & Hillebrand (2008)
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Activity-Age relationship

22 solar-like stars observed with Nordic Optical Telescope
Modelled by the Asteroseismic Modelling Portal
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[Karoff et al. 2013; Metcalfe et al. Subm. to ApJ]
10/07/14 CoRoT3-KASC7 conference 31



See Poster #115

Solar analog rotation with Kepler

do Nascimento et al. (2009)
....... Guinan & Engle (2009)
—.—.. Skumanich (1972)

Barnes (2007)

Subsample of 8 solar analogs/twins 0.0 | S e e i
candidates *

b

Sample of solar an“alogs based on KIC+
[Huber et al. 2014, ApJS]

~05: 3.

log (1/Pgor)
Pgor [days]

._
©

Within error:bars, P, vs Age of seismic

_20 I I 1 1 L 1 | 1 1 | 1 1 | | 1 | ].OO

Seismic Age, Isocrone Age [Gyr

[Do Nascimiento et al. 2014, ApJL in press]
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Summary

= Spectroscopy + spectropolarimetry + light curves

= Asteroseismology:.

= Ages < : N

= Rotation periods & 4

= Magnetic activity y 2
B

. Gyrochronology based owoung clusters
’Iry.. Opp!)rtumty to study field stars with more precise age
I\'Peed t‘) take mto‘ccount evolutionary stage, mass..
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—— 1:1 line
--- 1:2line
-+ 2:1 line
4 Garcia 2014
4 Mecquillan 2014
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[Davies et al. In prep.]
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