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A b s t r a c t . It is shown that the scaling of rotation periods by a color-dependent parameter 
(turnover time) improves substantially the observed activity- period relations only for single, 
main sequence, solar type stars with 0.5 < Β — V < 0.8. For other single main sequence stars 
and for single giants activity indices correlate equally well with rotation period and the Rossby 
number, or show no correlation with either parameter. 
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1. Introduction 

The close relationship between chromospheric activity and rotation of stars (Kraft 
1967) has usually been explained as resulting from the rotation dependent dynamo 
action generating magnetic fields which then influence the activity (e.g. Hartmann 
and Noyes 1987). According to early, linear dynamo theories the efficiency of dy-
namo should scale as rcQ, where rc is the turnover time in those stellar convective 
layers where fields are generated, and Ω is angular velocity of the star (Durney 
and Latour 1978). The discovery by Noyes etal. (1984) that the observed calcium 
emission flux scales as the so called Rossby number, Ro = Prot/fc, where Prot is the 
surface rotation period and rc refers to the bottom layers of the convection zone 
was treated as a confirmation of these theoretical predictions. The argument of 
Noyes et al. (1984) for using the Rossby number as a correct rotation measure was 
empirical: the plot of the calcium emission flux scaled by the bolometric flux, versus 
log Prot produced a large, color-dependent scatter. When Prot was replaced by Ro 
the systematic, color-dependent shifts disappeared and the scatter decreased. Since 
that paper, Ro has become a standard parameter, with which different activity 
measures are being correlated. 

However, not all observers accepted Ro as a better measure of rotation than 
Prot, arguing that the apparent scatter depends both on the choice of abscissa and 
ordinate, hence a properly selected ordinate can also decrease substantially the 
scatter (Basri 1986, Rutten 1987, Young etal. 1989, Schrijver 1992). In addition, 
the recent results on nonlinear theory of rotating convective envelopes predict that, 
for the observed rates of stellar rotation, a - effect as well as the amount of dif-
ferential rotation should depend only weakly on the Rossby number (Kichatinov 
and Ruediger 1992, Ruediger and Elstner 1992). It seems therefore reasonable to 
rediscuss the observational arguments for using Ro as a correct measure of rotation 
in respect to activity. 

In the following, only single stars will be discussed (dwarfs and giants sepa-
rately), and it will be assumed that differences in activity among stars of the same 
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spectral class and the same Β — V result solely from different rotation rate. The 
data are discussed in diagrams where logarithm of activity index is plotted versus 
Prot (not logPro<). Linear fits on such diagrams correspond to exponential relations: 
log(act. index) = a — bProt, and the title question of the present paper reduces to the 
problem whether activity-rotation relations for different Β — V are parallel or in-
clined to one another. In the second case a proper scaling of Pro% by color-dependent 
factors will make them parallel, introducing thus defined Ro in place of Prot · Any 
residual vertical shifts can be removed by a proper selection of ordinate. 

2. Activity-rotation relations 

2 . 1 . M A I N S E Q U E N C E STARS 

Observations show that the chromospheric-coronal activity can be detected even in 
dwarfs with Β — V « 0.3 but the activity level of the hottest active stars, i.e. stars 
with Β — V <0.4 varies very little from one star to another and does not show any 
correlation with rotation (Schmitt etal. 1985, Wolffetal. 1986, Rutten 1986, Simon 
and Landsman 1987, Garcia Lopez etal. 1991). For cooler stars, with 0.4 <B — V 
< 0.5, activity decreases with rotation rate but a large, random scatter appears, 
which cannot be reduced by any scaling of Prot discussed here. 

Still cooler stars, with Β — V i 0.5, show tight activity-rotation relations with 
a color-dependent inclination. Fig. 1 (left) demonstrates this for the Noyes etal. 
(1984) data, divided into 7 spectral intervals with average B — V indicated. Defining 
Ro = bRr0t, where b is the empirically determined inclination of a corresponding 
linear fit in Fig. 1 (left), and using it as an abscissa removes most of the scatter, as 
can be seen in Fig. 1 (right). Note that in this case the coefficient a of the linear 
fit is nearly color independent thus the residual scatter depending on the choice of 
ordinate is small (for a more detailed discussion see Stçpieû 1989). 

Fig. 1 shows, however, that b varies with color only for stars with Β — V <0.8 
and remains essentially constant for cooler stars. It means that when only the 
coolest dwarfs are considered, Ro is an equally good rotation measure as Prot · Using 
differently defined Ro for these stars with rc determined theoretically and strongly 
variable with color, as some of works suggest (e.g. Rucinski and VandenBerg 1986) 
would increase the scatter for these stars.. 

Other activity indices (e.g. X-ray flux, Mg II h and k line emission flux or inten-
sity of the surface magnetic field) show similar behavior (Stçpieù , in preparation). 
The results lead to the conclusion that using Ro as an abscissa reduces the observed 
scatter in activity levels only for solar type stars, i.e. dwarfs with 0.5 Ζ Β — V £0.8. 

2 . 2 . G I A N T S 

An apparent success in correlating activity of some of main sequence stars with Ro 
prompted many authors to use the same parameter for giants. The turnover times 
for evolved stars were computed by Gilliland (1985). They are generally longer than 
for main sequence stars of the same color. 

Is the use of the argument per analogiam justified in this case? There exist 
qualitative theoretical arguments that activity of giants cannot be parametrised in 
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Fig. 1. Original Noyes etal. (1984) data on calcium emission of dwarfs, grouped into B — V 
intervals with average B — V indicated (three stars with no matching counterparts are 
omitted), are plotted versus rotation period (left). The right panel shows the same data 
plotted versus the Rossby number defined in the text. 

such a simple way as in case of the main sequence stars. The latter ones have an 
evolutionary time scale of the order of at least 1010 years. A time scale for loss of 
angular momentum during the main sequence life (after a possible rapid spin-down 
connected with landing on the zero-age-main-sequence) is equal initially 2-3 xlO8 

years and it lengthens quickly, exceeding 1010 years by the solar age (Stçpieô 1988). 
A time scale for redistribution of the internal angular momentum in radiative layers 
is difficult to determine but several direct and indirect estimates give 108 years 
(Pinsonneault etal. 1989). It may be longer in central parts of the star but this 
should not influence the dynamo acting in the convection zone, with some possible 
role played by the radiative layers lying immediately beneath it. The third time 
scale is thus the shortest of the three and for the nearly whole main sequence life it 
is much shorter than the other two.A star spinning down evolves hence essentially 
through equilibrium states of the internal angular momentum distribution. These 
states can be parametrised e.g. by a surface rotation rate. On the other hand, all 
structural properties of a main sequence star relevant to dynamo action, like length 
scales involved, or velocities, can apparently be parametrised by a single parameter, 
like stellar mass, Te, or Β — V. 

The evolutionary time scale of giants is much shorter - it is now the shortest of 
all three involved scales, particularly in phases when a convection zone develops. 
As a result, the matter with specific angular momentum still depending on initial 
conditions is rapidly mixed into the expanding convection zone. It seems thus un-
likely that the efficiency of dynamo acting in a giant can be parametrised by its 
spectral type and the observed rotation rate only. It should also depend on the 
previous evolutionary history of the stellar angular momentum. The observations 
of activity support this view, although, due to very scanty data on single giants 
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Fig. 2. The surface flux of calcium emission scaled by the bolometric flux, plotted versus 
1/v sin i ~ Prot for single giants of the indicated colors. The data suggest a fundamentally 
different rotation dependence of activity than observed for dwarfs. 

and a very poor knowledge of their rotation periods, it is not yet possible to draw 
definite conclusions. 

The data on the hottest active giants, with B — V< 0.7, indicate again a narrow 
range of activity, without any apparent rotation dependence (Simon and Drake 
1989, Maggio etal. 1990). Intermediate-color giants, with 0.7 ZB-V ί 1.0-1.1, show 
a very broad range of activity, which resembles the solar type dwarfs. However, the 
giants of one color do not show a linear dependence of log (act.index) on Prot. Fig. 
2 gives an example of such data where the chromospheric calcium emission flux is 
plotted versus 1/v sin i ~ Prot. The data suggest that all stars with 1/v sin i < 0.15 
- 0.20 (corresponding to Prot ~ 50 - 100 days) have a very high level of activity 
with little or no variation on the rotation rate. At 1/v sin i « 0.15-0.20 the activity 
level rapidly drops and remains nearly constant for slower rotation. This picture 
must remain only tentative until more accurate data on single giants are available. 
It agrees, nevertheless, with conclusions of Simon and Drake (1989), and Maggio 
etal. (1990) who discussed other activity indices and considered a much broader 
material, with double stars included. Note, that nearly all known RS CVn type 
stars have rotation periods less than ~ 100 days which puts them into a state of 
high activity, according to the above picture. All known giants with Β — V >1.1 
show a very low level of activity. It is clear that any color-dependent scaling of 
rotation periods would be irrelevant if the above picture is correct. 

3. Conclusions 

The available observational data on activity suggest that for dwarfs cooler than 
Β — V « 0.5 activity level decreases exponentially with rotation period. The rate 
of decrease is a function of color for stars with Β — V < 0.8. Using properly defined 
Ro one gets for them a single activity-rotation relation. For cooler dwarfs the rate 
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of decrease of activity with rotation rate is color-independent (or, at most, weakly 
color-dependent), whereas for hotter dwarfs activity level is not correlated with 
rotation. Giants behave differently: all stars, independently of color, rotating faster 
than some limit, show a high level of activity, whereas all stars beyond that limit 
are inactive. The precise location and breadth of this transition requires new, better 
data. Nevertheless, the Rossby number seems to be irrelevant to activity of giants. 
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