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A B S T R A C T . A n e w set of i sochrones der ived f rom o v e r s h o o t i n g evo lu t ionary m o d -
els , a l lows o n e t o g ive a h o m o g e n e o u s age d e t e r m i n a t i o n for o p e n c lusters w i t h solar 
c h e m i c a l c o m p o s i t i o n a n d in a range of age 4 1 0 7 - f 1.5 1 0 9 yr . In th i s c o n t e x t is 
der ived a n empir ica l n e w age cal ibrat ion - a b s o l u t e m a g n i t u d e of t h e s u p p o s e d 
br ightes t flare s tar in a c luster versus log age - . T h e evo lu t ionary i m p l i c a t i o n in 
f inding or n o t finding flare s tars in c a n d i d a t e o p e n c lusters is a lso e x a m i n e d . 

1. I n t r o d u c t i o n 

T h e m a i n too l s in c lusters age d e t e r m i n a t i o n are t h e i s o c h r o n e s , t h e s a m e t i m e -
l ines , c o m p u t e d from t h e evo lu t ionary m o d e l s of t h e s a m e c h e m i c a l c o m p o s i t i o n . 
In t h e s e las t years t h e evo lu t ionary m o d e l s h a v e c o m e t o reach a n h igher accu-
racy b e c a u s e of n e w a n d u p - t o - d a t e phys ica l i n p u t s : b u t s o m e controvers ies are 
still o p e n a m o n g m o d e l e r s a b o u t t h e b e s t evo lu t ionary m o d e l s capab le of exp la in -
i n g s o m e features in t h e c lusters H R d i a g r a m n o t u n d e r s t a n d a b l e in t h e classical 
evo lu t ionary s c h e m e . W e th ink t h a t t h e bes t m o d e l s are t h o s e w h i c h are able t o ex -
pla in t h e greates t n u m b e r of evo lu t ionary p r o b l e m s as a w h o l e . In th is c o n t e x t t h e 
o v e r s h o o t i n g evo lu t ionary m o d e l s a n d t h e der ived i sochrones (Berte l l i e t al. 1986 ) 
were able t o account for several ques t ions a b o u t t h e H R d i a g r a m character i s t ics in 
o p e n c lusters (Mazze i a n d P i g a t t o , 1988 , 1989 a n d references t h e r e i n ) . 

2 . A g e d e t e r m i n a t i o n in o p e n c l u s t e r s 

Let u s concentra te o n t h e p r o b l e m s of t h e y o u n g a n d i n t e r m e d i a t e - a g e o p e n c lus-
t ers . M a z z e i a n d P i g a t t o (1988 ) p u t in to ev idence t h e necess i ty of a correct m e t h o d 
in t h e c lus ters age d e t e r m i n a t i o n by us ing n o t on ly t h e pure best- f i t t e c h n i q u e , b u t 
a lso c o m p a r i n g t h e observed a n d theoret ica l l u m i n o s i t y func t ions , finally der iv ing 
f rom t h e i sochrones synthe t i c c lusters w h i c h are able t o m i m i c t h e m o r p h o l o g y 
of t h e o b s e r v e d H R d i a g r a m s . T h e age of t h e P le iades der ived b y th i s m e t h o d 
is of 1.5 1 0 8 yr ( M a z z e i a n d P i g a t t o , 1 9 8 9 ) . T h e uncer ta in ty in t h e P l e i a d e s age 
d e t e r m i n a t i o n is of a b o u t 50%; b u t a b e t t e r d e t e r m i n a t i o n of a b o u t 1 0 % of u n -
certa inty c a n b e der ived for i n t e r m e d i a t e - a g e o p e n c lusters (Mazze i a n d P i g a t t o , 
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1 9 8 8 ) w h e r e t h e presence of t h e red g iants c l u m p prov ides a n add i t iona l cons tra in t 
in t h e a g e ca l ibrat ion . In t h e s a m e w a y t h e age of t h e o p e n c luster N G C 7 0 9 2 is 
here der ived b y u s i n g t h e o v e r s h o o t i n g i sochrones for solar chemica l c o m p o s i t i o n . 
T h e choice of th i s c luster will b e d i scussed in t h e n e x t sec t ion . F igure l a s h o w s t h e 
c o l o u r - m a g n i t u d e d i a g r a m of N G C 7 0 9 2 in w h i c h , for t h e as s igned age , t h e 6 1 0 8 

yr o ld i s o c h r o n e is o v e r i m p o s e d . 

F i g u r e 1. T h e c o l o u r - m a g n i t u d e d i a g r a m of N G C 7 0 9 2 (a ) a n d o v e r i m p o s e d t h e 
o v e r s h o o t i n g i s o c h r o n e of 6 1 0 8 yr w i t h solar chemica l c o m p o s i t i o n a n d a s y n t h e t i c 
c luster (b ) f r o m t h e s a m e i sochrone for N = 7 5 o b j e c t s . 

T o s u p p o r t t h e rel iabi l i ty of this age d e t e r m i n a t i o n , a s y n t h e t i c c luster c h o s e n for 
t h e b e s t m o r p h o l o g i c a l r e s e m b l a n c e f rom a g r o u p of s a m p l e s c o m p u t e d f r o m t h e 
5 , 6 a n d 7 1 0 8 yr o ld i sochrones respect ive ly is s h o w n in fig. l b . 

3 . Flare stars as age indicators 

U s u a l l y ages in c lus ters are der ived by t h e analys i s of t h e bril l iant M a i n - S e q u e n c e 
( M S ) p o r t i o n j u s t a b o v e a n d a r o u n d t h e turnoff reg ion , b u t it is a l so in t ere s t ing , 
f r o m t h e e v o l u t i o n a r y po in t of v i ew , t o e x a m i n e t h e fainter M S p o r t i o n , i .e . t h e 
t u r n o n reg ion , w h e r e t h e s tars are jus t arriving in t h e M S after t h e c o n t r a c t i o n 
p h a s e . T h e flaring ac t iv i ty is general ly a s s o c i a t e d w i t h th i s e v o l u t i o n a r y p h a s e , 
a n d t h e re la t ion w i t h t h e c lusters age is well d e m o n s t r a t e d b y m a n y observa t iona l 
facts s u c h as t h e earl iest spec tra l t y p e a n d / o r t h e br ightes t m a g n i t u d e of t h e flare 
s tars in a c luster . P a r s a m i a n ( 1 9 7 6 , 1985) first p u t i n t o e v i d e n c e t h e d e p e n d e n c e 
o n t h e age of t h e a b s o l u t e m a g n i t u d e Mf of t h e br ightes t flare s tar in a c luster or 
aggregate a n d t h e pos s ib l e m o n o t o n o u s b e h a v i o u r of th i s re lat ion . F i g u r e 2 s h o w s 
t h e re lat ion b e t w e e n t h e br ightes t flare s tar ( H a r o , 1 9 6 8 a n d references there in ) 
versus log t , in three wel l k n o w n c lusters as N G C 2 2 6 4 , t h e P l e i a d e s a n d t h e 
P r a e s e p e (full s q u a r e s ) . A g e s are der ived from t h e turnoff o v e r s h o o t i n g i s o c h r o n e s . 
B e c a u s e of t h e n e w age a n d b e c a u s e of a d i s tance m o d u l u s of 5 .88 m a g by P e r e z 
et a l . ( 1 9 8 8 ) , N G C 2 2 6 4 is correct ly l o c a t e d in t h e l inear corre lat ion Mf, l og t. 
T h e r e a s o n for th i s empir i ca l a n d rather u n c e r t a i n ca l ibrat ion , is b a s e d o n a first 
a t t e m p t at l i s t ing o p e n c lusters in w h i c h flare s tars cou ld b e l ooked for. In th i s 
ca l ibrat ion o n e fact is ev ident : in the range of age 1 0 8 -r 1 0 9 yr , f rom t h e P l e i a d e s 
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t o t h e P r a e s e p e , n o o p e n c lusters w i t h k n o w n flare s tars are present . 
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F i g u r e 2 . A b s o l u t e m a g n i t u d e of t h e br ightes t flare s tar versus log age . T h e ages 
are der ived f r o m t h e o v e r s h o o t i n g i sochrones for solar chemica l c o m p o s i t i o n . 

T h e first r e a s o n c a n refer s i m p l y t o t h e fact t h a t a de tec tab i l i ty of a flare is c o n -
n e c t e d w i t h i t s a m p l i t u d e a n d w i t h the c luster d i s tance . A n o t h e r reason c a n b e d u e 
t o t h e fact t h a t in a c luster n o t very y o u n g a n d w i t h very few s t a r s , t h e probabi l i ty 
of finding flare s tars is very low. In fact , the flare act iv i ty is go ing t o reduce a n d 
t h e n d i sappears in t h e o ldes t c lusters w h e r e e v e n t h e low m a s s s tars h a v e a lready 
arrived o n t h e M S . F r o m t h e ca l ibrat ion t h e s u p p o s e d apparent m a g n i t u d e of t h e 
br ightes t flare s tars for N G C 2099 a n d N G C 7092 h a s b e e n der ived tak ing in to 
a c c o u n t t h e r e d d e n i n g a n d t h e d i s tance m o d u l u s ( p h o t o m e t r i c d a t a are f rom W e s t , 
1967 a n d P l a t a i s , 1 9 8 4 re spec t ive ly ) . T h e n o t very faint value of this m a g n i t u d e 
(14 .5 m a g ) for N G C 7 0 9 2 s u g g e s t s t h a t th is c luster c a n b e a g o o d c a n d i d a t e for t h e 
search of flare s tars . N G C 7 0 9 2 ( M 39) w a s be l i eved pecul iar b y M c N a m a r a a n d 
S a n d e r s ( 1 9 7 7 ) b e c a u s e of t h e lack of faint s tars in i t s H R d i a g r a m . A m o r e recent 
research b y P l a t a i s ( 1 9 8 4 ) h a s s h o w n stars in t h e l o w M S d o w n t o t h e 1 5 t h m a g . 
If t h e flare ac t iv i ty is a n ob l iga tory s t e p in t h e e v o l u t i o n a r y p a t h of t h e s tars in a 
c lus ter , flare s tars can b e e x p e c t e d in N G C 7 0 9 2 , a c c o u n t e d for t h e d e p e n d e n c e o n 
t h e n u m b e r of t h e c luster s tars a n d o n the observa t ion t i m e . O n t h e o t h e r h a n d 
t h e lack in finding flare s tars in t h e c luster area cou ld g ive in teres t ing i n f o r m a t i o n 
o n t h e m a s s segregat ion a n d o n t h e c luster re laxat ion t i m e . 

4 · C o n c l u s i o n s 

T o discover flare s tars in o p e n c lusters can signify a n s w e r i n g m a n y still o p e n 
q u e s t i o n s s u c h as: 1) t u r n o n ident i f icat ion a n d age d e t e r m i n a t i o n f rom p r e - m a i n -
s e q u e n c e m o d e l s , 2 ) r o t a t i o n , b inari ty a n d / o r mul t ip l i c i ty a n d their inf luence o n t h e 
flare s tars p o s i t i o n in t h e H R d i a g r a m , 3) e v e n t u a l difference b e t w e e n t h e turnoff 
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a n d t u r n o n a g e in a c luster as ind ica tor of a poss ib le b i m o d a l s tar f o r m a t i o n , 4 ) 

m a s s s egregat ion a n d re laxat ion t i m e in o p e n c lusters . 
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LANG: What are the uncertainties in your age determinations? Why aren't 
there any young stars above or below the main sequence in your HR-
diagram? 

PIGATTO: The uncertainties are 50 per cent. Only the brightest stars 
were plotted in my HR-diagrams; they show no stars off the main sequence, 
so such behavior only applies to the low luminosity stars. 
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