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ABSTRACT. Based on an extended list of lower main sequence stars from Rutten (1987), the rela-
tion between chromospheric activity and Rossby number has been revised. The increased statistics 
changes the shape of the curve as compared with that of Noyes et al. (1984). The saturation at 
small Rossby numbers has disappeared. The dependence on Rossby number in the range of very 
large Rossby numbers has weakened. The standard deviation of the activity indices from the mean 
curve is about 40% . This scatter of individual stars is not due to differences in the spectral type or 
age of the stars. 

It is generally recognized t h a t chromospheric and coronal act ivi ty of solar-type s ta rs is closely 

related to stellar ro ta t ion . Since the paper of Noyes et al. (1984) th is relation has even been 

used for evaluat ing ro ta t ion periods and ages of s tars for which direct de terminat ions of 

these pa ramete r s are difficult. T h e 'ac t iv i ty-rota t ion ' relat ion for t he lower pa r t of t h e main 

sequence implies t ha t there exists a common curve for s tars of all spectra l types , from F to 

M, in t h e R', Ro^ d iagram. R' is t he activity index ( the ra t io between t h e emission flux 

in a chromospheric line F1 corrected for t he contr ibut ion of photospheric emission, and the 

bolometr ic flux). Roia\ t he Rossby number , is a measure of t he ro ta t ion . 

Ro^ = P/4a\ 

where Ρ is t he period of ro ta t ion , and is t he convective turnover t ime with mixing-length 
pa rame te r a = l/H. T h e Rossby number is directly related t o t he d y n a m o number , so t he 
fact t h a t it is Ro r a ther t h a n the period or velocity of ro ta t ion t h a t controls t h e act ivi ty 
is convincing evidence for a common mechanism of a tmospher ic hea t ing by magne t ic fields 
genera ted by the process of dynamo action. 

Since it is not obvious how to choose t he op t imum index t o characterize chromospheric 
activity, we have t r ied t o in t roduce the new index 

A'HI< - F'HK/FHK = R'HKIR'HK-

F'HK a n d R'HK a r e t n e v a l u e s of F'HK and R'HK on t he basic curve with t h e same colour 
index (Β — V) as in the s ta r considered. T h e flux F'HK is measured in t h e emission reversals 
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of t he lines H and Κ of Ca II. T h e only possible advantage of A ' H K over R'HK is t h a t the 
former may be colour independent , while this is not the case for the la t t e r . However, the 
colour independence of A ' H K is valid only under special c ircumstances. 

Using d a t a from R u t t e n (1987), we have considered 182 main-sequence s tars of spectral 
classes F 2 t o M4.5 and const ructed a log AH κ v s - l o g Ä o ^ d iagram (Teplitskaya, 1989). 
T h e curve obta ined resembles the curve of Noyes et al. (1984) in the sense t h a t i t includes all 
s ta rs , regardless of thei r spectra l type . As concerns i ts shape it shows interest ing differences, 
however: (1) The re are no indications of a sa tura t ion of the chromospheric activity a t small 
Rossby numbers , i.e., in t he region where because of t he large values of a large number 
of la te- type s tars occur. (2) At large Rossby numbers the index A ' H K r andomly fluctuates 
a round a cons tant mean value. In the range of large Ro^ there are many s tars with very 
th in convective envelopes, because Tc°^ is small . (3) T h e pa rame te r a = 1.6 ins tead of 2.0 
in Noyes et al . (4) T h e scat ter of some stars a round a mean curve is greater t h a n can be 
explained by r andom or systemat ic errors. T h e above-mentioned differences occur for s tars 
with very thick and very th in convective envelopes, and may be due t o individual features 
of t h e dynamo action in some s tars . 

T h e first question we have t o answer is whether t he differences may be a t t r i b u t e d t o the 
use of different act ivi ty indices, or if they are a consequence of t he increased sample of s tars 
(41 s tars in Noyes et al . (1984), and 182 s tars in Teplitskaya (1989)). To sett le th is m a t t e r 
we have repea ted t he investigation of Noyes et al. (1984), bu t using the 182 s tars listed by 
R u t t e n (1987). Figure 1 shows plots of l o g i ^ / c vs . l o g Ä o ^ 2 0 ) and l o g A ' H / c vs . logRo^1^ 
(Ro^ being the Rossby number Ro^ normalized t o its value for (Β - V) = 0.63). T h e 
open circles represent averages in coordinates over 20 or 21 s tars . 

The re are now no fundamenta l differences in t he shapes of t he two curves. T h e indicat ions 
of sa tu ra t ion are very weak, much less t h a n wha t was found by Noyes et al. (1984) for 41 
s ta rs . On b o t h plots (diagrams to the left) one can observe a branch of constant act ivi ty at 
large Rossby numbers . 

Apar t from the usual Rossby numbers we have also used the numbers 

Ä o ( e ) / = Ä o ( e ) / ( M ) , 

where M is the stellar mass , f(M) = (aH/Rc)
1/2, and Rc and H a re t he radius and the 

pressure scale height a t t he base of t he convection zone (Durney and Robinson, 1982). Corre-
sponding 'ac t iv i ty- ro ta t ion ' curves are shown in t he r ight-hand diagrams of Figure 1. Signs of 
sa tura t ion of the chromospheric activity have become even weaker. Besides, t he applicat ion 
of t h e modified Rossby numbers has almost completely el iminated t he branch of cons tant 
activity, except for t he s tars with t he largest values of Ro^f. Thus t he chromospheric ac-
t ivity of mos t of t he s tars under investigation can, on t he average, be approx imated by the 
power laws 

. r ~ . Λ Χ ,η -0.683 

R!HK = 1.89 χ 1 0 " 4 LRo ( 2 - 0 ) S = ± 3 8 . 7 % 

A ' H K = 1.26 χ 1 0 " 4 [ l ^ 1 - 6 ) ' ] ~ ° ' 7 4 5 , S = ± 4 1 . 9 % . 

S is t he relative s t anda rd deviation of R!HK
 O R ^HK fr°m t n e m e a n curves, calculated as 

(mod)~Vy, where ay is the s t anda rd deviat ion along the ord ina te axes of Figure 1, and 
mod = loge « 0.43429. 

https://doi.org/10.1017/S0074180900044466 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900044466


457 

égalai) 

Figure 1. T h e 4 act iv i ty-rota t ion ' relat ion for two indices of chromospheric act ivi ty (a : R'HK, 
b : A'HK) and for two procedures of calculating the Rossby numbers (left and right d iagrams) . 

T h e considerable scat ter of t he individual s tars is uncorrelated wi th their colours. There 
is a slight dependence of t he residuals (O-C) on the age of t h e s tar as shown in Figure 2. 
Es t imates of t he age of t he s ta rs and clusters have been taken from Duncan (1981), Ca ta l ano 
and Marilli (1983), and Barry et al. (1987). W i t h t he same colour and ro ta t ion period young 
s tars t end t o be slightly more active t h a n old s tars . P a r t of t he sca t ter may be accounted for 
by t he relative age, i.e., t he different r a t e of evolution. For example , in s tars of class F t he 
convective turnover t ime begins t o change already dur ing t h e main-sequence s tage (Gilli land, 
1985). Another example of a peculiar behaviour associated wi th age is t h a t among t h e s ta rs 
t h a t have jus t arrived a t the main sequence there are fast ro ta to r s , whose ro ta t ion velocities 
a re not representat ive of their ra ther la te spectral class K (Stauffer et al. , 1984). However, 
these factors do not seem to be able t o explain the main pa r t of t h e sca t ter . 

T h e absence of sa tura t ion in la te- type s tars a t a first glance contradic ts t h e concept of 
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Figure 2. Residuals with respect t o t he mean curves vs. stellar age. T h e dots represent 
individual s ta rs , t he crosses averages over 10 s tars . 

s tabil ization of t he magnet ic activity, arrived a t from X-ray luminosi ty observations of M 
dwarfs. I t seems likely t ha t the behaviour of t he chromospheric act ivi ty indices in low-
mass s ta rs is controlled not only by the efficiency of t he dynamo mechanism bu t also, to a 
significant ex ten t , by geometrical effects, i.e., very large filling factors of active regions, with 
overlaying magnet ic 'canopies ' as described by Giovanelli (1980) for t he Sun, leading t o excess 
hea t ing of t h e chromosphere . In t he case of very la te M stars wi th (Β — V) £ 1.50 Schrijver 
and R u t t e n (1987) found the opposi te phenomenon, namely a deficiency of chromospheric 
emission as compared with X-ray emission. This results from a decrease of t h e role of ionized 
meta l lines in favour of an increased role of the hydrogen lines for t he radiat ive cooling of the 
chromosphere . In the sample we are investigating there are only two s tars with (Β — V) > 1.5. 
Accordingly t h e deficiency caused by radiat ive transfer effects does not influence t h e results 
repor ted in t he present paper . 

R e f e r e n c e s 

Barry, D.C. , Cromwell, R.H. , and Hege, E.K. (1987) 'Chromospher ic activity and ages of 
solar-type s t a r s ' , Astrophys. J. 3 1 5 , 264-272. 

Ca ta l ano , S. and Marilli , E . (1983) ' C a II chromospheric emission and ro ta t ion of main 
sequence s t a r s ' , Astron. Astrophys. 1 2 1 , 190-197. 

Duncan , D.K. (1981) 'L i th ium abundances , Κ line emission, and ages of nearby solar type 
s t a r s ' , Astrophys. J. 2 4 8 , 651-669. 

Durney, B.R. and Robinson, R .D. (1982) 'On an es t imate of t he dynamo-genera ted magnet ic 
fields in la te- type s t a r s ' , Astrophys. J. 2 5 3 , 290-297. 

Gilliland, R.L. (1985) 'The relat ion of chromospheric activity t o convection, ro ta t ion and 
evolution of t he main sequence ' , Astrophys. J. 2 9 9 , 286-294. 

Giovanelli, R .G. (1980) 'An exploratory two-dimensional s tudy of t he coarse s t ruc tu re of 
network magnet ic fields', Solar Phys. 6 8 , 49-69. 

https://doi.org/10.1017/S0074180900044466 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900044466


459 

Noyés, R .W. , H a r t m a n n , L.W., Bal iunas , S.L., Duncan , D.K., and Vaughan , A .H. (1984) 
'Ro ta t ion , convection, and magnet ic activity in lower main-sequence s t a r s ' , Astrophys. 
J. 2 7 9 , 763-777. 

Rut ten , R .G .M. (1987) 'Magnet ic s t ruc ture in cool s ta rs . XII . Chromospher ic act ivi ty and 
ro ta t ion of giants and dwarfs ' , Astron. Astrophys. 1 7 7 , 131-142. 

Schrijver, C.J . and R u t t e n , R .G.M. (1987) 'Magnet ic s t ruc tu re in cool s ta rs . XIV. Deficiency 
in chromospheric fluxes from M-type dwarfs ' , Astron. Astrophys. 1 7 7 , 143-149. 

Stauffer, J .R. , H a r t m a n , L., Soderblom, D.R. , and B u r n h a m , N. (1984) 'Ro ta t iona l velocities 
of low-mass s tars in the Pleiades ' , Astrophys. J. 2 8 0 , 202-212. 

Teplitskaya, R .B . (1989) 'On the relation between activity and ro ta t ion in t h e main-sequence 
s t a r s ' , Astron. Nachr. 3 1 0 , in press. 

https://doi.org/10.1017/S0074180900044466 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900044466

