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Context and reminders


  Age = diff. in time (measured with a suitable clock) between 
two events: birth, and present


  Not an observable; it must be deduced


  Multiple clocks necessary (availability of suitable data, ease 
of use, reliability, completeness, ...) 


  Useful only if different clocks give the same age


  Activity-related indicators: Chromospheric emission (+X-
Rays), rotation, Lithium, ... 
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Chromospheric Emission 1


(HD 197913)


(HD 179484)


Wilson, 1963


K
 H


Initially quantified by 

Skumanich 1972


Developed further by: 

Noyes+1984, 


Donahue 1998, 

Soderblom+1991,

Wright+2004, 


Mamajek+Hillenbrand 2008


Benchmarks?
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Noyes+1984, Soderblom+1991, Wright+2004, Mamajek+Hillenbrand2008  


Chromospheric Emission 2


H


K


R’_hk = R’_hk (t)




=> t = t (R’_hk)
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Chromospheric Emission 3 


Noyes+1984, Soderblom+1991, Wright+2004, Mamajek+Hillenbrand2008  
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Chromospheric Emission 4 


Mamajek+Hillenbrand2008  


Wide binaries
 Open clusters
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Stauffer+1994, Patten+Simon1996, Pizzolato+2003, N J Wright+2011  


X-Ray Emission


R_x == L_x/L_bol;        R_x = R_x (Ro) => t_x = t_x (Ro);    Ro = P/tau


(More ->Talk by Stefanie Raetz)
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Cummings+ 2017,

Soderblom 1993, 1995, 2010, 


Sestito + Randich 2005

Chaboyer+1995 


Deliyannis 2000, Jeffries 2000


Lithium

EW (Li) = EW (m, t)


Hyades

Praesepe


Models: Pinsonneault97,

Somers+Pinsonneault2014




Open cluster stars (younger)
 Field stars (older)
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B03a, B07, Mamajek+

Hillenbrand2008,

Meibom+2011, 

Angus+2015


P \propto Age (Sku72), but there is a color/mass dependence


Rotational Ages (gyrochronology)




Slow rotators spin down Skumanich-style


P


B-V


t2


t1


� 

g(t) = t

� 

f (B -V ) = a(B -V - c)b
� 

PI (B -V ,t) = f (B -V ).g(t)

� 

a,b,c = 0.778,0.519,0.4

g(t)


f(B-V)
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B07


Gyrochronology




Progress in observations...
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Meibom+2009 (M35)
 M34


Gyrochronology
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Pre-2010 (separable) models

B03, B07, Mamajek+Hill2008, Meibom2011, Angus+2015


B10 model (dP/dt = fn of Ro); 

c.f. Brown 2014, Matt+2015, Amard+2016  


Gyrochronology


Progress in theory...


But we already know of trouble w. younger clusters...




For Ro = P/tau, can get tau from B+Kim2010


(Other tau values similar, but need to recalibrate 2 constants) 




Meibom+2011, 2013
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Older clusters: NGC 6811 (1 Gyr)




Meibom+ 2015
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Older clusters: NGC 6819 (2.5 Gyr)




B+2016
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Older clusters: M67 (4.2 Gyr)
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B+2016
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M67 (4.2 Gyr)


4 arcsec pixels!




B+2016
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M67 (4.2 Gyr)


= Joerg Weingrill




B+2016
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M67 compared with models, Sun, and prior clusters
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Wide binaries = smallest OCs
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B07


Janes2017




NGC 6819 (2.5 Gyr) measured periods

vs. 4 models 


Meibom+2015


van Saders+2016


Anomalous braking issue: clusters


B2010

Epstein+Pinsonneault 2014

Mamajek+Hillenbrand2008


B2007


5100-5400K


5600-5900K


5900-6200K




B+2016
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M67 (4.2 Gyr)


 0

 5

 10

 15

 20

 25

 30

 35

 0.4  0.5  0.6  0.7  0.8  0.9  1  1.1

R
ot

at
io

n 
Pe

rio
d 

(d
)

(B-V)0

M67 Rotators
Sun

 0

 5

 10

 15

 20

 25

 30

 35

 0.4  0.5  0.6  0.7  0.8  0.9  1  1.1

R
ot

at
io

n 
Pe

rio
d 

(d
)

(B-V)0

4.3 Gyr

4.15 Gyr

2.5 Gyr

1.0 Gyr

625 Myr

ZAMS



Period change for a sun-like star with age �
(c.f. Skumanich 1972)
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van Saders+2016


Anomalous braking issue: field stars


5900-6200K
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Kepler field star rotation periods
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Kepler field star rotation periods

Periods from Reinhold+2013
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Comparison with chromospheric ages 

(MW stars: Baliunas+1996)


B07




Prognosis


  Activity indicators potentially provide independent ages for many PLATO stars


  Ancillary work is helpful in identifying pathological objects


  Rotation periods are automatically encoded in transit data, and could provide 
ages for many cool stars, including relatively faint ones; TESS data could be a 
better test-bed for PLATO than Kepler


  More care is needed with gyrochronology than is sometimes believed to be the 
case, and more experience/development is needed for older/lower mass/non-
solar metallicity stars


Chromospheric ages are less time-consuming, but a path towards large-scale 
spectroscopy is unclear; X-Rays (eRosita) might be more feasible


  Benchmarks for both chromospheric and gyro ages could include available open 
clusters and wide binaries
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Extra slides




 Cool MS rotators should lie on a P-m-t surface


B-V


P


t

30




L changes by 2-3x on MS; P changes by 50-100x
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(B+Spada+Weingrill2016)


L
 P

L requires distance
 P is distance-independent


MS (log g > 4.3)

PMS


SGB


PMS


MS (log g > 4.3)


SGB
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(Leavitt & Bannister, 2009, Radiocarbon, 51, 373)


Dendrochronology




B+2016
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M67 (4.2 Gyr)
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Deacon+2016 (adapted)
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Comparison with B2010 model
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