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“So how old is it?”
“We need the age to infer a mass...”

Discussion on objects from direct imaging surveys:

Fomalhaut

GJ 758

Upper Sco (1RXSJ1609, UScoCTIO 108)

HR 8799 (only brief comments, see R. Doyon’s talk Wed.)
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“So how old is it?”
“We need the age to infer a mass...”

See:

review by Soderblom 2010 (ARA&A 48, 581)

IAU 258 conference proceedings “The Ages of Stars”
(eds. Mamajek, Soderblom, & Wyse)
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“So how old is it?”
“We need the age to infer a mass...

4

Major methods:

Fitting isochrones to HR diagram data
Rotation-activity diagnostics for cool stars
Li-depletion boundary for clusters/associations
Asteroseismology

Nucleocosmochronometry

Age-dating meteorites (Sun)

Kinematic expansion of association

or...
Star has siblings for which these methods are useful
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Chromospheric activity index R,
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Chromospheric Activity (R",;) vs. Age
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Skumanich (1972): vsini ~ age™©->

Barnes (2007):

modern version of the
“Skumanich” rotation vs.

age decay, with color-
dependence empirically fit
using open cluster stars & Sun

Mamajek & Hillenbrand (2008)
improved fit:

Internal Precision
+0.06 dex (+14%)

Caveats:

Few >0.5 Gyr calibrator systems
(Kepler will help!)

metallicity terms?
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Figures from Mamajek & Hillenbrand (2008).
See also Noyes+1984, Hempelmann+1995, Randich+1996, Barnes & Kim 2010
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Combining Gyrochronology with the
Observed Rossby-R’,, Relation

“Chromogyrochrones”

Activity vs. age relations
should account for
color/mass

very active

(and eventually metallicity
and gravity when the
number of calibrator
systems permits!)

active

For F8-K2 dwarfs, | advocate
activity -> Rossby Number ->
rotation -> age

Mamajek & Hillenbrand
(2008, ApJ, 687, 1264)

inactive

0.5 .6 0.7 0.8 0-9Ages from Ca or X-ray activity or periods:
B-V http://www.pas.rochester.edu/~emamajek/code.html



Is R, useful after 1 Gyr?

14

10} | ]~

Isochronal Age (Gyr)

0 1 2 3 ] 5 6
Activity-Rotation Age (Gyr)
Slipski & Mamajek (subm. to AplJ)

7

Pace et al. (2009) states:

“there is a severe limitation on the use of
chromospheric activity as an age indicator: its
decay almost stops after about 1.5 Gyr,
therefore activity is not a reliable indicator of
ages for stars older than that”.

Slipski & Mamajek (subm. to AplJ)
compare ages derived via R’
(activity-> rotation-> age) vs.
isochronal ages of Takeda+2007 for
~80 exoplanet host stars.

Results: correlation at ~¥4.3¢0

using generalized Kendall tau test
(chance of no correlation <0.002%).
Pace’s claim would imply NO correlation

MHOS8 calibration gave highest
correlation among R’,-age relations.
ANSWER: yes, but live with £0.25 dex
uncertainties in age



Ages of some stars of interest to the
Lyot 2010 audience



Fomalhaut

A3V spectral standard star

0,p,=2.223+-0.022 mas
(Absil+2009 VLTI/VINCI)

Distance = 7.70+-0.03 pc
(van Leeuwen 2007; “HIP2”)

Bol. flux = (8.96+-0.25)10° W/m?
(Davis+2005)

:> log(L/Lsun) = 1.22+-0.01

|:> T =8587+-76 K Kalas et al. 2008



Fomalhaut

Age Estimates:

200+-100 Myr
(Barrado y Navascues et al.1997)

105-339 Myr
(Lachaumme et al. 1999)

290 Myr
(di Folco et al. 2004)

Kalas et al. 2008
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The REAL Fomalhaut “B” = TW PsA

K4Ve spectral standard star

D =7.60+-0.04 pc
(van Leeuwen 2007)

Mentioned as comoving
companion to Fomalhaut
by Gliese (1969) & Barrado
y Navascues et al. (1999).

Is TW PsA useful for
independently verifying our
isochronal age estimate?

26 Oct 2010

_l I 1 I 1 1 I 1 1 l_

B Fomalhaut I
-30 | -
lg [ -
]
lE' - -
© - TW PsA -
-32 —
34 ) L F o » @

348 348 344

In the Spirit of Lyot 2010



The REAL Fomalhaut “B” = TW PsA

—-28 |

D(TW PsA) = 7.60+-0.04 pc
D(Fomal.) =7.70+-0.03 pc

(van Leeuwen 2007)

3D separation: 55

57400 +- 3100 AU

6 [deg]

Radial Velocities:

Fomalhaut: 6.53+-0.45 km/s
(Dunkin+1997, Barbier-Brossat
+2000, Grenier+1999)

TW PsA: 7.228+-0.002 km/s

(Da”+2005) —34 1 | 1 1 1 | 1 1 1 | 1 1 1
348 346 344

-32 - -
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The REAL Fomalhaut “B” = TW PsA

. —-28
3D separation:

57400 +- 3100 AU
3D velocities:

Fomalhaut: —-30
U =-5.70+-0.15 km/s
V =-8.26+-0.25 km/s
W =-11.07+-0.34 km/s

TW PsA: _32
U =-5.43+-0.06 km/s
V =-8.08+-0.03 km/s
W =-11.53+-0.02 km/s
Delta(Velocity)
AU,AV,AW = -34
0.27+-0.16, 0.18+-0.25, 0.46+-0.34 km/s
(Caveats: RV zero points)

6 [deg]

Del
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Z 0.56+-0.45 km/s .
=> Co-moving -
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The REAL Fomalhaut “B” = TW PsA

Predicted Orbital Motion: ,,—1—————T 1

~0.06 km/s for Fomalhaut

~0.15 km/s for TW PsA

~8 Myr period ’
_30_

escape velocity (TW PsA from =
Fomalhaut) is ~0.21 km/s  ©
Q

[Fe/H] for TW PsA: 32 |

+0.08 Marsakov+1988

+0.04+-0.18 Flynn+1994 D -
-0.01+-0.09 Santos+2004 within 75 pc with UVW velocities,

-0.11+-0.02 Barrado y Navascues+1998 . il
09040.05 Morell 1994 TW PsA is only star within 2 km/s

of Fomalhaut’s velocity.

Metallicity:
N OtGﬁatlZOfCrO M SO | ar In the Spirit of Lyot 2010



The REAL Fomalhaut “B” = TW PsA

B-V=1.09 (Johnson 1966)
Per = 10.3 day

(Torres+1973, Samus+2004)

Gyrochronology age
using Mamajek &
Hillenbrand (2008)
calibration:

s10+-Gomyr
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The REAL Fomalhaut “B” = TW PsA

Independent check from
Coronal activity

(calculated using RASS X-ray flux)

L, vs. Rossby Number correlation
predicts period of 12 days

_~siomy
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The REAL Fomalhaut “B” = TW PsA

F2 F5 GO G5

KO K2 K5 MO

400 1 1 1 1
Independent check from | WTTS (<5 Myr)
|_|th|um _ 1C2391+2602 (50 Myr)
_ o Per (90 Myr)
Teff = 4555 +- 79 K 300 |-M35 (175 Myr)
(median of 9 independent estimates from Flynn & | M7 (220 Myr)
Morell 1994, Favata+1997, Barrado y Navascues+ 0?
1998, Santos+2001, Taylor 2003, J. Carpenter £ B
(priv. comm.), Santos+2004, Dall+2005 : _ UMa (500 Myr)
EW(Li 6707) = 29 mA (Torres+2006) ‘}‘5 - Hyades (625 Myr)
% 200 |-M67 (4 Gyr) .
TW PsA’s lithium is intermediate between g
the loci of the M34 (~250 Myr) and UMa —
(~500 Myr) clusters. 5
TW PsA is bellow the bottom envelope of =
. =
the Pleiades (~120 Myr), and above the
upper envelope of the Hyades (~650 Myr). 100
7000
26 Oct 2010

4000
Eric Mamajek (CfA)




Fomalhaut

Previous Age Estimates:

200+-100 Myr

(Barrado y Navascues et al.1997)

105-339 Myr

(Lachaumme et al. 1999)

290 Myr
(di Folco et al. 2004)

26 Oct 2010

Kalas et al. 2008
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New Age Estimates:

Isochrone

(Fomalhaut) 450150 Myr
Gyrochronology 410160 Myr
(TW PsA)

X-ray activit ~

(TWyPsA) ' >40 Myr
Lithium depletion 400+200 Myr
(TW PsA)

Mean Age

2 best 430 Myr
estimates,

consistent with
other two)




Upper Sco (early B-type stars)

Home group of 1RXSJ1609, UScoCTIO 108

5.0t
4.8t
5 Myr
4.6
4.4}
. 7 Sco
Typical Error o
4.2+ ‘
4.0/ _ w Scog
Bertelli et al.j 1994 Isochrpnes | | | ‘ . |
4.52 4.50 4.48 4.46 4.44 4.42 4.40 4.38 4.36
109<Teff)

26 Oct 2010 In the Spirit of Lyot 2010 Pecaut, Mamajek, Bubar, in prep



Upper Sco (F-type stars)

Home group of 1RXSJ1609, UScoCTIO 108

1.4 mmmm US median ||
mmmm UCL median
mmmm | CC median
1.2}
1.0}
o
= os
-
N—"
()
< 0.6}
0.4} _
Typical Error
0.2} |
0.0 3.86 3.84 3.82 3.80 378 3.76
log(T . .
9(Terr) Pecaut, Mamajek, & Bubar, in prep.
- see also Mayne et al. 2007 for other
26 Oct 2010 In the Spirit of Lyot 2010

young groups (Mayne, Naylor, Jeffries)



GJ /758

Metal-rich ([Fe/H] ~ +0.2) G9V thin disk star

0.72 Gyr (3.8 Gyr +68%CL, -? 68% CL) ; Takeda+2007

Isochronal ages are not well-constrained: <

10.52 Gyr (no uncertainties); Ibukiyama+2002
4.17 Gyr (no uncertainties) ; Takeda 2007
11.4 Gyr (3.3-17.2 Gyr) ; Holmberg+2009

vsini = 0.6+£0.5 km/s (Lopez-Santiago+ 2010) => SLOW => OLD

logR’,, = -5.04 (Duncan+1991,Wright+2004, Gray+2003,
Buccino+2008) = 7 measurements => OLD

No measured rot. period: inferred period from activity: >43 days

EW(Li | 6707) < 2 mA (Takeda 2005) => OLD

Activity suggests >7 Gyr, but its a thin disk star, so <8 Gyr:

GJ 758 is ~10x older than mentioned yesterday (~7-8 Gyr)

26 Oct 2010 In the Spirit of Lyot 2010



GJ 758
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Useful comparison:
Hyades (625 +-50 Myr;
Perryman+1998),
slightly metal-rich
[Fe/H] ~ +0.13

<log R'\(> =-4.47
68% spread is +-0.09
(Mamajek &
Hillenbrand 2008)

than the Hyades

inactive
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Dec (J2000)

—60

HR 8799

IHRB'?99 | | =
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(UV.W)=(-12.2,-21.2,-7.2

+(0.6,0.8,1.2) km/s i
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i / -
W _
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d=82+30{15) pc (Torres(}B.]
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80 0 -850

see R. Doyon’s talk
Wednesday

A Boo star [M/H] ~
(photosphere!)

kA5 hFO mA5 V A Boo
(Gray & Kaye 1999)

Review of ages in
Marois+2008 and
Moya+2010

30-160 Myr
(Marois+2008)

Asteroseismology:
17% [30-160 Myr]
most solutions ~1 Gyr
(Moya+2010)

dynamical arguments

favor younger ages
(Moro-Martin+2010)

RA (J2000) Mamajek (in slep) 1am last night



HR 8799

200 1 1 1 1 I 1 1 1 1 I 1 I | I I

Epicyclic apprdximation for past orbits
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HR 8799

My two cents:
| find no evidence yet for “useful” age-dateable stellar
companions to HR 8799 within 10 deg (Hinz+2010)

Open Questions:
Does “Columba” constitute a useful coeval sample of stars?

If HR 8799 was “born” in Columba progenitor embedded cluster,
then it needed to inherit ~4 km/s kick to leave it now 110 pc away
from the group within ~30 Myr. Young clusters have intrinsic
velocity dispersion of ~¥1 km/s, so kick must have been dynamical.
But it has a an extended system of planets and dusty disk...

Could HR 8799 have simply formed alone? (see e.g. 49 Ceti)



Conclusions

Rotation, Chromospheric & Coronal Activity are
useful for solar-type dwarfs (especially useful
when isochronal age constraints are poor)

Results on famous hosts stars of substellar objects:
* Fomalhaut is ¥2x older: ~¥430 Myr
* GJ 758 is ~10x older: ~7-8 Gyr

* Upper Sco (1RXSJ1609, UScoCTIO 108?) may
be ~2x older: ~10 Myr?
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