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Abstract. In this paper we present the results of a different approach in the study of the so-called rotation-activity
connection, which is a well established correlation between rotation and magnetic activity at chromospheric and
outer atmospheric levels. The present study concerns the photospheric level and was carried out by using V-band
photometric light curve amplitudes as indicators of starspot coverage and of magnetic activity. A high degree of
correlation between the envelope of maximum V-band light curve amplitudes and the rotation period is found
for the active star members of young open clusters (IC 2602, IC 2391, Alpha Persei, Pleiades and Hyades), as
well as for active field stars. This correlation shows a different behaviour in two different rotation period ranges.
Moreover, some evidence of a possible activity “saturation” is found among the most rapidly rotating stars of the
sample. Additional correlations between photospheric and other magnetic activity indicators in the chromosphere,
transition region and corona are also investigated. The results presented here can be considered as an extension of
the well established rotation-activity connection valid from the corona, transition region and chromosphere, down

to the photosphere.
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1. Introduction

The cool starspots that appear on the photospheres of
stars characterised by high angular momentum and con-
vective envelopes (F-M) are thought to be produced, as
on the Sun, by the emergence into the photosphere of bun-
dles of magnetic flux tubes generated in the stellar interior
by magnetodynamic processes. The dynamo mechanism is
believed to originate near the base of the convective enve-
lope (Parker 1979; Schiissler 1983). Since starspots are the
sites of strong magnetic fields, the total percent area cov-
ered by spots can provide an indirect measure of the mag-
netic filling factor (fs) by spots. The filling factor (fs) is
the fraction of the photosphere covered by magnetic fields
confined to spots, and a measure of the total magnetic
flux density in spots (fsB), if the magnetic field intensity
(B) is known. Other important sites of magnetic fields on
the stellar photosphere are bright plages and network ele-
ments of total percent area fp. The covering factor of spots
and plages (fr = fs + fp) represents a direct measure of
the total magnetic filling factor. In contrast to starspots
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and bright plages, other magnetic activity indicators, such
as chromospheric and TR’s emission line fluxes, can actu-
ally provide only an indirect estimate of the magnetic field
(Pallavicini 1992).

Because the value of fr is related to the total magnetic
energy that the dynamo action can provide, it appears
to be a suitable parameter for investigating the depen-
dence of the dynamo action on global stellar parameters.
Estimates of fs can be obtained from photometric data by
light curve inversion methods based on recently developed
“spot models” (Rodono et al. 1995; Lanza et al. 1998).
Non-polarimetric methods, based on the comparison of
the broadening excess of Zeeman sensitive with respect
to Zeeman insensitive lines (e.g., Mathys 1989; Saar 1990,
1996), are quite successful in determining the properties
(total flux density and fp) of bright magnetic photospheric
regions, but are not applicable to dark photospheric re-
gions. Moreover, the spot contribution to the line profile
is negligible at optical wavelengths, compared with the
contribution of bright magnetic regions.
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In this paper we propose to estimate the magnetic
filling factor (fs) from photometric data. We accomplish
this by using a parameter which is closely related to
the total fractional area covered by starspots: the max-
imum peak-to-peak amplitude of the optical-band flux
rotational modulation. These newly determined values of
fs for a sample of single active late-type stars are used
to study the dependence of the fraction of photospheric
magnetic activity, confined to dark spots, on global
stellar parameters and, in particular, to investigate the
rotation-activity connection at the photospheric level.

2. Maximum light curve amplitude as an activity
indicator

Since photospheric spots are the sites of strong magnetic
fields, the convective transport of heat is strongly inhib-
ited and this is the reason why the spots appear darker
than the surrounding photosphere. Therefore, cool spots
can produce the observed optical flux modulation as they
travel across the visible hemisphere and disappear behind
the limb of a rotating star.

The amplitude of the modulation depends on several
geometrical and physical parameters. Some parameters
are constant in time, such as the inclination of the star’s
rotation axis; or can be assumed to be constant, such
as the brightness contrast between spot and photosphere;
others are variable, such as the total area covered by spots
and their surface distribution. The photometric precision
of presently available observations generally does not al-
low us to distinguish between single huge stellar spots or
compact groups of small solar-like spots. Let us briefly
summarise the effects of these various parameters on the
light modulation amplitude:

— dnclination of the stellar rotation axis and latitude of

the spot: the modulation amplitude depends on both
the inclination (i) of the star’s rotation axis and the
latitude where the spots or spot groups are centred, as
can be inferred from the following two extreme cases:
a) “pole-on” star (i = 0°): any spot is equally visible
at all rotation phases and, therefore, spots can not
produce any rotational modulation of the observed
flux;
b) “equator-on” star (i = 90°): except polar caps,
spots are carried by the rotation from a maximum
visibility, at the disk centre line, to a minimum
visibility, when they disappear from view; while
approaching the stellar limb, the limb-darkening effect
further depresses the spot’s brightness contrast with
respect to the photosphere; hence, equatorial spots
on equator-on stars produce the highest amplitude
modulation;

— temperature and colour indices: the amplitude of
the modulation depends also on the ratio between
spot and photospheric brightness or temperature.

This ratio is likely to be constant in time and time
sequences of light curves of several stars have been
successfully modelled (e.g., Rodono et al. 1995; Lanza
et al. 1998; Messina et al. 1999a, 1999b) without any
need of changing this ratio. Nevertheless, there exists
some indication that this ratio may be variable for
different types of stars (Byrne et al. 1995; O’Neal
et al. 1998). In the case of the Sun, the spot temper-
ature is inversely correlated to the spot area (Kopp
& Rabin 1992). The reddening of the colour indices
at light minima, i.e. when the maximum fraction of
the projected stellar disk is covered by spots, suggests
that, although the spot temperatures are lower than
the photospheric temperature, their temperature is
several hundreds of degrees K, otherwise the spots
would not be able to produce any variation of the
colour indices;

spot areas and longitudes: the amplitude of the mod-
ulation depends on both the total fractional area cov-
ered by spots and on the asymmetry of their longitudi-
nal distribution; the absence of flat maxima in most of
the observed light curves and the long-term variation
of the brightness maximum suggest that the fraction
of the photosphere covered by spots (fg) can be con-
sidered as the sum of two terms: f, and fyg,

fS:fu+fas§1 (1)

where f, represents the minimum areal fraction of
spots which are always visible and, therefore, unable to
produce any flux modulation, though the star’s bright-
ness appears somewhat depressed. In equator-on stars
(1 = 90°), we expect bands of spots evenly distributed
in longitude and/or polar caps to contribute to fi.
In non equator-on stars (i < 90°) we may expect
an additional contribution from polar spots. At any
given epoch, f, determines the difference (AV}) be-
tween the presumed “unspotted” (brightest) magni-
tude and the “spotted” magnitude at the light curve
maximum. Hereafter, the V-band will be considered as
an illustrative example.

The parameter f,s represents the fraction of spots
which are asymmetrically distributed in longitude and
are responsible of the flux modulation. Their distribu-
tion and total area determine the light curve shape and
mean magnitude, respectively. Thus f,s determines the
peak-to-peak light curve amplitude (AV,g). Therefore,
the total brightness variation (AV) from the presumed
unspotted level

AV = AVu + AVas (2)

may be used to estimate the total spotted area (uni-
formly + asymmetrically distributed in longitude com-
ponents) at any given epoch.

However, it must be pointed out that for active stars,
such as those analysed in this paper, a completely
unspotted level will possibly never become observable.
In fact, even the much less active Sun shows a few
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Fig. 1. An illustrative sample of light curve amplitudes (heavy
solid bars) is represented to show the meaning of the symbols
used in the text: (from left to right) Vinax and Viin are the
star’s brightest and faintest magnitudes ever observed; AV,s is
the observed light curve amplitude and AV} is the difference
between the brightest magnitude and the light curve maximum
at a given epoch; (AVas)max and (AVy)max are their maximum
historic values, respectively; AV is the difference between Vinax
and the light curve minimum at a given epoch; AViyax is the
maximum value of the difference between Vimax and the faintest
magnitude (Vmin) ever observed; Vinspotted 18 the magnitude
corresponding to a completely unspotted visible hemisphere,
that may, but does not necessarily, coincide with Vinax

spots at its activity minimum. Hence, the brightest ob-
served magnitude (Vinax) may differ (see Fig. 1) from
the true unspotted magnitude (Neff et al. 1995; O’Neal
et al. 1996) and AV, and AV must be considered as
lower limits of the uniformly distributed (f,) and of
the total fraction (fs) of spotted area, respectively, at
any given epoch. Only from a large number of light
curves covering a sufficiently extended time interval
the value of Vinax can reliably approach Vinspotted-
Since bright plages may compensate at some level the
light dimming effects of dark spots, the value of AV,
must be considered as a lower limit of the asymmetri-
cally distributed spotted area. However, for the most
active stars at least, the effect of starspots dominates
(Radick et al. 1989, 1998) and generally plages are
not required to obtain quite satisfactory model light
curves (Messina et al. 1999a, 1999b; Lanza et al. 1998;
Rodono et al. 1995), so that plage contamination was
disregarded in the present study.

On the basis of these considerations AV = AV, + Vi
represents a lower limit on the total spot covering frac-
tion (fs), that approaches the true value if an extended
long term study is available.

We believe that the amplitude of the long-term varia-
tion (AVimax = Viax — Vinin), the maximum values of
AV, and AVyg [(AVy)max and (AVas)max, respectively] ob-
tained from an extended time series of light curves repre-
sent the best estimates (though certainly lower limits) of
the maximum spottedness (fmax) and of the extreme val-
ues of the uniform (f,,) and asymmetric (fas) components
of the spotted area on a given star. A graphic illustration
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Fig. 2. (AVas)max vs. AVmax for a sample of extensively ob-
served single active stars (Table 8). The dotted line is the fitting
linear relation

of the parameters we use in this section is presented in
Fig. 1.

By analysing a sample of single late-type stars with
rather extended time series of light curves (see Table 8),
it has been noted (Messina 1998) that (AV,s)max increases
with increasing total spotted area (AVj,ax). The exis-
tence, at least for extensively observed single stars, of such
a strong correlation between (AVas)max and AVpay, as
shown in Fig. 2, indicates that not only AVj,.x, but also
the light curve maximum amplitude (AVys)max from time
series of light curves can be adopted as suitable indicator
of a lower limit of the star maximum spottedness (fmax)-

The last result is very important if we consider that the
value of AVphax, which most closely approaches Vinspotted,
has been measured for a small sample of stars, whereas the
value of (AVas)max, which does not depend on Vingpotted,
is obviously available for a much larger sample of stars.

3. Analysis and discussion

For the present study we selected from the literature a
sample of 225 active single stars according to the follow-
ing criteria: a) single main-sequence stars, because it is not
clear, yet, how both binarity and evolution of the inter-
nal structure outside of the main sequence influence the
magnetic activity; b) stars belonging to stellar clusters
of known age (IC 2391, IC 2602, Alpha Persei, Pleiades
and Hyades clusters) in order to study age effects on the
magnetic activity, as well field stars; ¢) stars with known
rotation periods; d) stars with well determined light curve
amplitudes (in the V-band of the Johnson’s U BV system)
(Tables 3-8).

In an earlier study by O’Dell et al. (1995) the depen-
dence of the light curve amplitude on the rotation period
and on the inverse Rossby number (R (= Ry™') = 7./ P,
where 7. is the convective turnover time at the base of the
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Fig. 3. Amax versus rotation period (P). The data upper envelopes (circled symbols) both in the ultra fast and fast rotation
ranges are best fitted (dotted line) by a linear law for F, G and K-type stars. Note that the abscissa is logarithmic

Table 1. The Rossby number (Rp) ranges in which different
slopes can be identified, as shown in Fig. 4

type  ultra fast fast
F Ry > 0.18
G Ro <0.10 Ry >0.10
K Ro <€0.06 Ro > 0.06

convection zone) was suggested on qualitative grounds.
The existence of such a dependence was later questioned
by Krishnamurthi et al. (1998) on the basis of their newly
determined rotation periods for a sample of Pleiades clus-
ter stars.

Using a sample of stars much larger than that con-
sidered by O’Dell et al. and Krishnamurthi et al., we in-
vestigate the existence of correlations between (AV,s)max
(hereafter referred to as Apax), the parameter we have
chosen as indicator of photospheric magnetic activity con-
fined into spots, and global stellar parameters, such as

B — V colour index, rotation rate and other activity
indicators.

3.1. Activity-rotation relation

Apart from the field stars, whose interstellar reddening
can be neglected because of their proximity to the Sun,
all the stars in our sample were first dereddened using the
mean B — V colour excess values as used by Pinsonneault
et al. (1998). Then, in order to minimise the colour effects
(i.e., mass for main sequence stars and convective zone
depth) on the activity-rotation relation, we divided our
sample into four colour ranges:

+0.50 < B—V < +0.57 (F5—F9)
+0.58 < B—V < +0.73 (G0—G7)
+0.74< B—V < +1.13 (G8—K4)
+1.14< B—V < +1.70 (K5—M4).

Each star was assigned to one of the four spectral ranges
only on the basis of the B — V' colour index.
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Fig. 4. Anax versus Rossby number (Rp). The data upper envelopes (circled symbols) are fitted (dotted line) in the fast rotation
range by a linear law for F, G and K-type stars. The Amax-Ro relation in the ultra ultra fast rotation range is best fitted by a
power law for G and K-type stars. Note that the abscissa is logarithmic

Figure 3 shows that the upper envelope of A .« is a de-
creasing function of the rotation period (P), as expected
from the dynamo theory that predicts the magnetic flux
density to increase with rotation velocities. However, dif-
ferent quantitative behaviours of the upper envelope of
Apnax versus P are apparent in the following different ro-
tation rate ranges:

P <1.10 (d)
P>1.10 (d)

(hereafter called wltra fast rotators)

(hereafter called fast rotators).

The different behaviour in these rotation ranges is best
seen among K-type stars (see also Fig. 5), which are the
most numerous stars in our sample. We can argue that
a similar behaviour may be present in the other mass
regimes, but the currently available data are too sparse
to support this behaviour as strongly as in the G8-K4

regime. The scatter of Anax at any given rotation period
can be due to:

a) the dependence of the magnetic activity on colour, as
discussed later on;

b) the different inclination of the rotation axis with re-
spect to the line of sight, as explained in Sect. 2;

¢) the paucity of the available light curves for most of the
stars in our sample;

d) the different degree of long-term
try /asymmetry in the spot distribution.

symme-

It can be noted in the ultra fast regime that the Apax
upper envelopes of the G and K-type stars (the most
numerous in our sample) have their maximum values at
about P ~ 0.35 (d) and they do not exceed such val-
ues even among the faster rotators (P < 0.35 d). A sim-
ilar behaviour is more clearly apparent when the Rossby
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Table 2. Correlation coefficients (), number of stars used to define the upper envelope (IV), parameters of the linear, exponential
and power law weighted fits to the upper data envelope of the Amax-P and Amax-Ro relations and reduced chi-squares (X,%)

Sp. Type r|N |a b X2 |Logioa b x2  |Logioa b X2
Amax = a+ bP Logi0Amax = Logioa + bP LogioAmax = Logioa + bLogio P

ultra fast rotation

GO0-G7 —0.99(3 [0.23£0.46 —0.334+0.88 2.56|—0.58 £0.46 —1.29+£0.88 2.76 |—0.52 £ 0.45 —1.88 +1.31 2.88

G8-K4 —0.89(12|0.254+0.50 —0.23 £0.88 0.29|—0.45+0.50 —0.83+0.88 0.21 [—1.23+£0.35 —1.20 +1.25 0.17

fast rotation

F5-F9 —0.94({6 |0.084+0.49 —0.007 +£0.09 0.15|—1.05+0.50 —0.08 =0.09  0.20 | —0.98 £0.54 —0.75+0.99 0.24

GO0-G7 —0.91(29(0.13£0.06 —0.010£0.01 0.30|—0.88 £0.06 —0.05 +0.01 0.31 |—0.75£0.07 —0.58 ==0.10 0.40

G8-K4 —0.86[10{0.20 £0.04 —0.013£0.01 0.50|—0.68 £0.05 —0.05 £+ 0.01  0.50 |—0.60 £ 0.05 —0.60 =0.07 0.60

Amax =a-+ bRO

ultra fast rotation

Logi0Amax = Logioa + bRo

Log10Amax = Logioa + bLogioRo

GO0-G7 —0.90|3 |0.21 £0.37 —2.04 £8.41 2.05|—0.58 £0.37 —7.91 &+ 8.41 1.13 |—0.46 £1.55 —1.14 +1.08 1.81

G8-K4 —0.86(12|0.254+0.49 —4.76 £17.97 0.46|—0.45+0.48 —17.04 +15.97 0..30|—2.86 £1.86 —1.23 +1.16 0.26
fast rotation

F5-F9 —-0.92(6 [0.084+0.49 —0.05+0.67 0.16|—1.06+0.49 —0.58 +£0.67 0.20 |—1.03 £0.52 —0.75+0.95 0.23

GO-G7 —0.86(29/0.11 £0.06 —0.09+£0.12 0.25[—-0.91 £0.06 —0.53 +£0.12  0.25 |—0.74 £+ 0.05 —0.60 +=0.12 0.33

G8-K4 —0.89(10/0.194+0.04 —0.22+0.11 0.43|—0.69 £0.04 —0.86 =0.11  0.37 |—1.33 £0.05 —0.53 =0.06 0.31

number is used (Fig. 4). The activity-rotation relations are
derived by considering the data upper envelopes, which
most closely approach the true maximum light curve am-
plitude at any given rotation period. The stars we used to
compute the Ap.x upper envelope fits are marked by the
spectral type (“__fit”) in the last column of Tables 3 to 8
and are represented by circled symbols in the Figs. 3 to 5.
The upper envelope of A.x appears to be strongly corre-
lated with both the rotation period and the Rossby num-
ber (Table 1 and Fig. 4), with different decreasing slopes
in passing from wltra fast to fast rotators.

The Rossby number Ry was computed adopting the
empirical turnover time given by Noyes et al. (1984) for
the +0.50 < B — V < 41.36 colour range (F-K type)
and the theoretical turnover time from the Girardi et al.
(2000) models for the +1.37 < B —V < +1.70 colour
range (M-type).

We argue that the boundary between wltra fast and
fast stars, which is clearest in the G8-K4 regime, falls
at the same rotation period for other masses (Fig. 3).
Therefore, when A,y is plotted versus Rossby number
(Ro) the breaking boundaries would be masked (Fig. 4)
by the spurious colour dependence introduced in the nor-
malisation of the rotation period (P) by means of a colour
dependent function (7). For this reason the different spec-
tral type ranges are plotted separately in Fig. 4.

Though all the data are lower limits, the discontinuity
shown by the upper envelope of Ay, .« in passing from ultra
fast to fast stars (Fig. 5) is unlikely to be an artifact. It is
clearly apparent in the K colour range and, even if much
less clearly, in the G range. For K-type stars, the disconti-
nuity amplitude (0.20 mag) is almost 20 times larger than

0.40F ]
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= F ® ]
(@) |- . -
£ OZO: - ]
~ 0.20A =
» £ . E
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Rotation period (days)

Fig. 5. Amax versus rotation period (P) in the rotation range
0-3 days blown up from Fig. 3 for G8-K4 stars. The symbols
have same meaning than in Figs. 3, 4

the standard deviation of the residuals with respect to the
data fit for witra fast stars (dotted line in Figs. 4 and 5).
For the F stars too few ultra fast rotators are present in
our sample to confidently support a similar behaviour.

Because of the detection of this discontinuity in the
Amax-P relation, a monitoring program of ultra fast stars
was started. Additional photometry of 21 stars in the
Pleiades and Alpha Persei clusters (Messina 2000) con-
firms that the upper envelope of the maximum V-band
light curve amplitudes increases with rotation velocity,
within the rotation range 0.4-1.1 days.

The data upper envelopes were fitted by linear, ex-
ponential and power law relations. The A ..-P relation
(both in the wultra fast and fast rotation ranges) is best
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Table 3. Pleiades cluster active stars. The stars that were considered for the Amax-P upper envelope fits are identified in the

last column

Star Other (B—-V)o Prot Amax vsini Ro Ref. # Notes
name (d) (mag) (kms™?1) of curves
HCG20 1.34 2.70 0.15  — 0.130 9 1
HCG71 1.34 2.98 0.04 — 0.144 9 1
HII34 V810 Tau 0.88 6.553  0.07  7.3(®) 0.304 7 1
HII133 V623 Tau 1.27 1.36 0.16 9.0 0.064 9 1
HII152 V936 Tau 0.64 4.12 0.07  11.1(® 0.328 4 1 G_fit
HIT191 1.27 3.1 0.04 — 0.145 9 1
HII250 0.64 0.843  0.06 6.9(*) 0.074 8 1 G__fit
HII253 0.64 1.721 0.12 38.2(%) 0.151 8 1 G__fit
HII263 0.84 4.82 0.17 10 0.234 9 1 K__fit
HII293 0.66 4.5: 0.03 6.6 0.358 6 1
HII296 V966 Tau 0.82 2.53 0.11 14.7(®) 0.131 4 1
HII314 V1038 Tau 0.62 1.49 0.12  38.0(® 0.164 8 2 G_fit
HII320 0.84 4.6: 0.06  110.8 0.223 6 1
HII324 V632 Tau 1.00 0.41 0.18  73.0 0.018 5 1 K__fit
HII335 MX Tau 1.22 0.36 0.09  73.0 0.017 5 1
HII345 0.80 0.84 0.065  18.9(® 0.043 8 2 K__fit
HII357 NP Tau 1.17 3.4: 0.07 7.5 0.156 6 1
HII625 V811 Tau 1.15 0.428  0.18  94.0 0.019 5 1
HII686 OU Tau 1.23 0.396  0.18  64.0 0.018 7 2
HII708 V1085 Tau 0.58 0.294  0.05  46.0 0.042 8 2
HII727 V855 Tau 0.51 1.2 0.04  50.0 0.262 3 1
HII738 V1041 Tau 1.13 0.83 0.09  50.0 0.038 9 2 K__fit
HII739 V969 Tau 0.62 0.90 0.05  14.0(® 0.087 8 2 G_fit
HII879 V813 Tau 1.03 7.387  0.08  7.2(® 0.324 7 1 K__fit
HIIS82 1.03 0.58 0.12  65.0 0.025 7 1 K__fit
HII883 V789 Tau 1.04 7.2 0.10 6 0.317 9 1 K__fit
HII8’5 0.97 0.435  0.05  6.1(® 0.019 8 1
HII930 1.18 1.39 0.14 20 0.064 9 1
HII975 0.77 4.082  0.05  32.0 0.224 8 1
HII1032 0.70 1.299  0.12 37.2(2) 0.108 8 3 G__fit
HII1039 1.18 0.85: 0.03 5.0() 0.039 7 1
HII1124 0.94 6.051 0.07  5.6(®) 0.269 7 1
HII1136 V1065 Tau 0.96 0.52 0.10  60.0 0.023 2 1
HII1280 1.36 0.302  0.05 — 0.015 9 1
HIT1305 1.11 0.389  0.10 84 0.017 9 1
HII1332 V815 Tau 0.98 8.30 0.05 2.0 0.363 7 1
HIT1512 1.22 8.2 012 9 0.382 9 1
HII1514 0.60 3.28 0.10  13.6(® 0.360 8 1 G_fit
HII1531 QX Tau 1.11 0.483  0.13  50.0 0.022 7 1
HII1532 1.04 0.78 0.06  6: 0.034 9 1
HII1653 V338 Tau 1.14 0.74 0.10 21 0.034 9 1
HII1797 0.52 1.73: 0.01 19.6(®) 0.346 7 1
HIT1883 V660 Tau 0.99 0.235  0.20  140.0 0.010 7 3
HII2034 0.95 0.551  0.10  75.0 0.024 7 1
HII2244 V664 Tau 0.95 0.565  0.17  50.0 0.025 5 3 K__fit
HII2284 V1089 Tau 0.74 10.1 0.03  3.5(® 0.599 6 1
HII2341 V1090 Tau 0.68 8.2 0.03 3.4 0.598 6 1
HII2548 1.29 7.5 0.06  10.0 0.358 6 1
HII2741 0.97 5.00:  0.025  60.0 0.220 3 1
HII2786 0.52 2.21 0.07 25 0.441 9 1 F__fit
HII2881 0.92 4.25 0.04  7.8(@ 0.191 3 1
HII2927 V378 Tau 1.22 0.262  0.17  95.0 0.012 5 2
HII2966 1.42 4.6 0.07 <9 0.054 9 1
HII3030 V382 Tau 1.35 7.4: 0.04  10.0 0.360 6 1
HII3063 V677 Tau 1.13 0.89 0.10  26.0 0.040 6 1 K__fit
HII3163 V816 Tau 0.97 0.418  0.15  60.0 0.018 1 2 K__fit
HII3197 V679 Tau 1.03 0.44 0.04 33 0.019 9 1

(1) Stout-Batalha & Vogt (1999)

(2) Prosser et al. (1993a)
(3) Prosser et al. (1993b)

(4) Magnitskii (1987)

(5) Stauffer et al. (1987)

(:) uncertain

fitted by a linear law. The A .-Ro relation in the fast
rotation range is best fitted by a linear law. The A,ax-Ro
relation in the wultra fast rotation range is best fitted by
a power law for G- and K-type stars (Table 2). All the
points in the fits were weighted by the number of light

(6) Prosser et al. (1995)

(7) van Leeuwen et al. (1987)
(8) Marilli et al. (1997)

(9) Krishnamurthi et al. (1998)
(a) Queloz et al. (1998).

curves used to derive them (see Tables 3-8). The correla-
tion coefficients (), fit parameters (¢ and b) and reduced
chi-squares (x2) are given in Table 2.

Since our analysis is mainly focused on main sequence
stars, the IC 2602 and IC 2391 members of spectral type
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Table 4. Alpha Persei cluster active stars. The stars that were considered for the Amax-P upper envelope fits are identified in

the last column

Star Other (B—V)o Prot Amax vsini Ro Ref. # Notes
name (d) (mag) (kms™1) of curves
AP15 1.19 0.64 0.09 52.0 0.026 4 1
AP37 0.86 2.40 0.03 29.0 0.114 2 2
AP41 0.61 5.5 0.04 9.0 0.569 9 1
AP43 0.87 0.56 0.10 72.0 0.026 4 1
AP56 0.90 0.36 0.14 110.0 0.016 4 1
AP60 1.60 0.32 0.07 105.0 0.018 3 1
AP63 0.82 0.22 0.02 161.0 0.011 2 1
AP70 0.90 6.4 0.09 10.0 0.292 9 2 K__fit
APT2 0.77 6.3 0.09 7.0 0.346 9 1 K__fit
APS86 1.22 0.21 0.18 140.0 0.085 7 3
AP91 0.83 1.51 0.035 25.0 0.074 3 1
AP93 0.83 0.62 0.095 79.0 0.030 3 2 K__fit
AP95 0.78 0.35 0.25 140.0 0.019 5 2 K__fit
AP98 0.77 6.2 0.06 7.0 0.349 9 1
AP100 1.03 0.23 0.15 205.0 0.010 1 3
AP101 1.14 3.2 0.2 11.0 0.133 9 1
AP104 HD 19655 0.68 0.41 0.08 10.0 0.030 8 1
AP114 0.96 1.30 0.15 31.0 0.057 9 1
AP117 0.85 0.47 0.17 83.0 0.022 2 3 K__fit
AP118 HD 19636 0.71 0.31 0.16 160.0 0.020 1 3
AP124 1.15 0.18 0.14 190.0 0.007 11 2
AP127  HD 232762 0.82 0.34 0.05 80.0 0.017 2 1
AP139 0.80 0.26 0.12 170.0 0.013 1 3
AP149 HD 19721 0.71 0.32 0.08 117.0 0.021 2 2
AP156 0.63 4.5 0.04 10.0 0.416 9 1
AP167 HD 19805 1.13 0.41 0.10 96.0 0.017 10 1
AP169 0.97 5.1 0.07 8.0 0.416 9 1
AP193 0.75 0.75 0.04 64.0 0.043 6 1
AP201 0.94 3.75 0.07 11.0 0.167 9 1
AP212 HD 19893 0.77 7.1 0.07 6.0 0.390 9 1
AP225 HD 19908 0.68 0.32 0.17 138.0 0.023 8 3
AP226 HD 19864 0.76 0.23 0.07 181.02 0.013 2 2
AP244 0.80 0.96 0.04 42.0 0.050 2 1 K__fit
AP258 0.73 0.26 0.10 170.0 0.016 3 2
HE373 0.67 0.33 0.13 140.0 0.025 2 2
HE520 V484 Per 0.69 0.29 0.09 87.0 0.020 4 1
HE622 V531 Per 0.72 0.80 0.045 61.0 0.051 2 2
HE684 0.47 0.75 0.065 71.0 0.243 8 2
HE696 0.66 0.27 0.08 10.0 0.021 8 1
HE699 V532 Per 0.61 0.33 0.10 90.0 0.034 1 2
HE709 0.58 0.23 0.08 59.0 0.029 8 1
HE935 0.52 0.27 0.05 78.0 0.054 8 1

(1) O’Dell et al. (1993)

(2) Prosser et al. (1993b)
(3) Prosser et al. (1993a)
(4) Stauffer et al. (1985)
(5) Stauffer et al. (1989)

later than G8 were excluded from the fitting, because they
are pre-main-sequence stars. In the K5-M4 spectral range
most of the stars in our sample (all the Alpha Persei
and Pleiades as well as a few field stars) have not ar-
rived yet onto the zero-age main-sequence, according to
the pre-main-sequence evolutionary tracks computed by
D’Antona & Mazzitelli (1994). That means that our K5-
M4 sample is not as homogeneous as those discussed be-
fore since we have in it stars with quite different convective
envelope properties. Therefore, the An.x upper envelope
behaviour in this spectral range is not directly comparable
with that in the other spectral ranges.

At the first glance, the Ana.x upper envelope seems
to increase at increasing rotation rate up to the highest
value of Ap.x = 0.32 mag at P ~ 5 days (Ry = 0.06).
Then, it increases less steeply up to a “saturation” level of
Amax = 0.20 mag. However, such break at 5 days, which is

(6) O’Dell et al. (1997)
(7) Stauffer et al. (1987)
(8) Marilli et al. (1997)
(9) Allain et al. (1996)
(10) Prosser et al. (1995)
(11) Bouvier (1996).

only apparent in the K5-M4 spectral range, cannot be con-
sidered real since several stars jump from a rotation regime
to the other when the Rossby number is used, which is not
the case for the 1.1 days boundary.

The smooth onset of the V-band variability starting
from Ry < 1 and the increase of the upper envelope of the
light curves maximum amplitude versus smaller Rossby
numbers we found in this study is in apparent contradic-
tion with the results of Hall (1991, 1994) and Henry et al.
(1995), who found the onset of significant variability at
Ry < 0.65 with no obvious increase (decrease) in ampli-
tude down to Ry = 0.01. The apparent contradiction may
derive from the use they made of a stellar sample with
an extremely large range of global stellar properties. As
described in Sect. 3, our analysis instead is focused on a
much more homogeneous stellar sample.
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Table 5. Hyades cluster active stars. The stars that were considered for the Amax-P upper envelope fits are identified in the

last column

Star Other (B—V)o Prot Amax vsini Ro Ref. # Notes
name (d) (mag) (kms™') of curves
VB21 V984 Tau 0.816 8.98 0.038 — 0.450 2 1
VB25 V985 Tau 0.987 12.64 0.023 — 0.554 1 1
VB26 V893 Tau 0.743 9.39: 0.038 — 0.552 1 1
VB31 V986 Tau 0.566 5.44 0.049 10.0 0.752 1 1 F__fit
VB43 V998 Tau 0.907 10.26 0.045 — 0.466 1 1
VB50 V895 Tau 0.601 7.10 0.035 — 0.775 2 1 G__fit
VB52 V897 Tau 0.597 7.90 0.042 6.0 0.881 2 1 G__fit
VB59 V992 Tau 0.543 4.98 0.032 6.0 0.820 1 1 F__fit
VB63 V906 Tau 0.632 7.8 0.034 7.1 0.713 2 1 G__fit
VB64 V911 Tau 0.657 8.67 0.035 5.1 0.699 1 1 G__fit
VB69 V918 Tau 0.746 11.52 0.044 — 0.672 2 1 K__fit
VB73 V920 Tau 0.609 7.63 0.039 7.0 0.794 1 1 G__fit
VB79 0.831 11.38 0.032 — 0.559 1 1
VBI1 V996 Tau 0.883 9.36 0.051 — 0.433 1 1
VB92 V997 Tau 0.741 9.04 0.041 0.534 1 1
VB97 V938 Tau 0.634 8.55 0.035 — 0.773 2 1 G__fit
VB102 V998 Tau 0.603 6.46 0.046 7.0 0.697 1 1 G__fit
VB173 V989 Tau 1.237 14.14 0.034 — 0.569 1 1
VB175 V991 Tau 1.031 10.82 0.036 — 0.465 1 1
VB174 V990 Tau 1.058 11.88 0.032 0.507 1 1
VB181 V995 Tau 1.167 11.92 0.040 — 0.491 1 1

(1) Radick et al. (1987)
(:) uncertain period.

(2) Lockwood et al. (1984)

Table 6. IC 2391 cluster active stars (Patten & Simon 1996). The stars that were considered for the Amax-P upper envelope

fits are identified in the last column

VXR  Other (B—-V)o Prot Amax vsini Ro # Notes
name (d) (mag) (kms™') of curves
12 SHIM 6 0.83 3.86 0.07 16 0.189 2
14 0.56 1.32 0.08 — 0.191 2 F__fit
35a 0.99 0.527 0.15 90 0.023 1
38a SHJIM 3 1.23 2.78 0.10 18 0.111 2
41 SHIM 8 1.25 5.80 0.22 <15 0.231 2
42a SHJM 9 1.54 1.81 0.05 — 0.066 1
45a 0.80 0.223 0.07 — 0.011 1
47 1.43 0.258 0.13 95 0.002 1
60a SHJIM 10 — 0.93: 0.09 <15 — 1
60b SHIM 4 — 0.212 0.10 150 — 1
62a SHJM 5 0.85 0.503: 0.12 — 0.024 1
64a — 0.543 0.05 — — 1
70 0.63 2.67 0.08 — 0.246 1 G__fit
72 0.72 3.23 0.08 — 0.203 1
76a 1.04 4.86 0.14 — 0.208 1
T7a 0.50 0.653 0.07 — 0.177 1

(:) uncertain period.

The existence of a discontinuity in passing from ultra
fast to fast rotating stars may be attributed to an abrupt
change of the total spotted areas or of their spatial redis-
tribution and would imply different efficiency or different
operation mode of the dynamo action when operating at
rather different rotation regimes.

3.2. Saturation

Chromospheric, TR and coronal emission fluxes show
evidence of saturation, i.e., a progressive flattening of
their activity rate increase with advancing rotation rate,
at Ryp ~ 0.33 for chromospheric fluxes and at slightly
larger values, Ry ~ 0.5—0.7, for TR and coronal fluxes
(Vilhu 1984).

Several causes may be responsible for the observed
saturation, such as:

a) the filling of the entire atmosphere by magnetic
regions (f — 1);

b) a negative feedback on the convective motions and
on the differential rotation due to the widespread
presence of intense magnetic fields (Robinson &
Durney 1982);

¢) a saturation of the emission mechanism efficiency.

We find evidence that the upper envelope of the
Amax-P correlation stops increasing at rotation periods
P < 0.35 days (Fig. 5) and, similar to the results of
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Table 7. IC 2602 cluster active stars (Barnes et al. 1999). The stars that were considered for the Amax-P upper envelope fits

are identified in the last column

Name (B—V)o Prot Amax vsini Ro # Notes
(d) (mag) (km s~ 1) of curves
B134 0.91 6.8 0.025 10 0.308 1
w79 0.79 6.2 0.02 8 0.326 1
R15 0.89 3.6: 0.01 7 0.166 1
R24A 1.39 1.25 0.06 34 0.018 1
R26 1.50 5.7 0.05 6 0.044 1
R27 1.46 4.5: 0.035 10 0.166 1
R29 1.07 2.21 0.05 22 0.042 1
R31 1.55 0.49 0.02 35 0.003 1
R32 1.59 4.0 0.075 9 0.023 1
R43 0.90 0.78  0.035 50 0.035 1
R44 1.50 5.5 0.04 7 0.041 1
R50 1.51 6.4 0.02 7 0.046 1
R52 1.02 0.393  0.07 95 0.017 1
R53B 1.57 0.41  0.045 100 0.002 1
R56 1.39 4.1 0.055 17 0.060 1
R57 1.56 8.7 0.02 6 0.054 1
R58 0.60 0.57  0.055 93 0.059 1
R66 0.64 3.3 0.035 12 0.289 1
R70 0.65 4.3 0.02 11 0.359 1
R72 0.59 1.05  0.035 49 0.115 1
R77 1.43 10.1 0.03 7 0.111 1
R83 0.58 1.67  0.035 30 0.209 1
R88A 1.16 0.204  0.04 200 0.008 1
RS89 1.20 4.8 0.065 14 0.195 1
R92 0.63 2.0: 0.015 14 0.185 1
R93 1.33 6.7 0.025 8 0.262 1
R94 1.35 2.6 0.035 23 0.101 1
R95A 0.83 1.20 0.04 12 0.059 1
R96 1.21 1.82 0.05 17 0.074 1
(:) uncertain period.
0.40F ] . .
E 1 chromospheric, TR’s and coronal emission fluxes saturate
Le Ultro Fost rotators N (Ro < 0.33), the spot covering fraction appears to be a
0304 Fast rotators < more suitable indicator of the magnetic dynamo activity
= 1 at Ro values (0.02 < Ry < 0.33), i.e. below the values
£ 620k 3 where activity flux saturation occurs. The lack of detec-
5 N 1 tion of a saturation regime by Krisnamurthi et al. (1998)
- E e . A 1 may possibly be due to the less numerous fast rotators
0.10F S A 8 3 they had in their stellar sample.
E N gg DA AN QA AN A D » Al
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05 o s 3.3. Color and age dependence
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Fig. 6. The light curve maximum amplitude versus B — V'
colour. Continuous and dotted horizontal lines indicate the off-
set values (parameter a in Table 2) of the linear fits to the
Amax-P relation for fast and ultra fast stars, respectively

O’Dell et al. (1995), at Rossby numbers Ry < 0.018. The
lack of correlation between A, .x and P, at very high rota-
tion rates may be simply due to an underestimated A ax
upper envelope, since it is a lower limit. However, as is
clear when Ry is used (Fig. 4; see also O’Dell et al. 1995),
we may tentatively infer the presence of “saturation”. By
this, we mean that either the dynamo stops producing
more spots, or it produces additional spots in such a way
that Apax does not increase (e.g., by evenly distributing
them).

If our hypothesis of a saturation effect is correct, since
such saturation appears at values of Ry (Ry < 0.02)
orders of magnitude smaller than the values at which

As shown in Figs. 3 and 6, the photospheric activity level
measured by the maximum light curve amplitude depends
on the star’s color. Both ultra fast and fast rotating K-type
stars reach an activity level (as shown by the data upper
envelope) higher than F-; and G-type stars of same rota-
tion period. The dependence on the B —V colour (Fig. 6)
is very similar in both rotation ranges. Continuous and
dotted horizontal lines indicate the offset values (parame-
ter a in Table 2) of the linear fits to the Ap,.x-P relation
for fast and ultra fast stars, respectively.

The cluster ages we are considering in our sample are
in the range 0.03 Gyr (IC 2602 and IC 2391 clusters) to
0.6 Gyr (Hyades cluster). As shown in Fig. 3, in the F, G
and K spectral range the value of the upper envelope is
determined mainly by the Pleiades cluster and field stars,
most of which belong to the Pleiades cluster moving group.
Therefore, it seems that the spot activity level on the main
sequence increases from the zero-age main sequence, with
its maximum level around the Pleiades age (0.07 Gyr), and
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Table 8. Field active stars. The stars that were considered for the Amax-P upper envelope fits are identified in the last column

Star Other B-V Prot Amax vsing Ry Ref. # Notes
name (d)  (mag) (km s™1) of curves
HD 987 0.71 4.2 0.03 10 0.273 17 1
HD 1835¢ BE Cet 0.66 7.655 0.05 - 0.609 20,2 25 G__fit
HD 7172 0.63 3.1 0.06 13 0.286 17 1
HD 17925 EP Eri 0.87 6.57 0.04 <8 0.308 2 3
HD 18134 VZ Hor 0.74 2.0 0.10 — 0.135 11 1
HD 18632 BZ Cet 0.66 10.22 0.02 1.8 0.813 13 1 G__fit
HD 20630 k! Cet 0.68 9.0 0.03 3.8 0.656 2 3
HD 21845 V577 Per 0.79 1.454 0.06 - 0.076 2 3
HD 25893 V491 Per 0.85 7.37 0.05 4.5 0.353 12 3
HD 26913 V891 Tau 0.68 6.8 0.06 3.9 0.496 8 4 G__fit
HD 29697 V834 Tau 1.09 3.936 0.17 9.5 0.167 13 2 K__fit
HD 31993 V1192 Ori 1.28 6.78 0.05 31.1 0.269 14 1
HD 35296 V111 Tau 0.53 3.6 0.01 15.4 0.660 29,10 2
HD 36705 AB Dor 0.83 0.5146 0.11 85 0.025 14,1 6 K__fit
HD 36869 0.64 1.31 0.09 28 0.140 22,1 2 G__fit
HD 37394 0.84 10.00 0.03 4.0 0.485 2 1
HD 37572 UY Pic 0.82 4.3: 0.05 9 0.214 1 1
HD 39587% Xl Ori 0.59 5.24 0.03 9 0.621 2 21 G__fit
HD 42807 0.66 7.8 0.03 - 0.621 10 1
HD 43989 V1358 Ori 0.57 1.15 0.08 47 0.154 22 2 F__fit
HD 45081 AO Men 1.20 2.65 0.17 17 0.108 1 2
HD 52452 0.68 0.423 0.21 15 0.031 2 6 G__fit
HD 64096 9 Pup 0.60 9.7 0.02 8 1.066 10 1 G__fit
HD 70573 0.63 3.296 0.05 13.6 0.304 13 1
HD 72905% 7! Uma 0.60 4.5395 0.04 9.5 0.502 2 10 G__fit
HD 78644 0.64 4.6: 0.05 59 0.402 1 1
HD 82443¢ DX Leo 0.76 5.377 0.08 6.5 0.304 9 15 K__fit
HD 82558“ LQ Hya 0.92 1.61 0.19 26 0.073 15 23 K__fit
HD 88230 1.38 6.0: 0.01 3.1 0.095 3 1
HD 95650 DS Leo 1.43 2.94 0.10 — 0.033 16 1
HD 98712 SZ Crt 1.36 11.58 0.06 - 0.448 23,1 5
HD 114710 B Com 0.56 12.26 0.01 4.3 1.771 4 1 F__fit
HD 115383¢ 59 Vir 0.59 3.328 0.03 3 0.386 2 19 G__fit
HD 115404 0.94 18.8 0.02 3.9 0.838 3 1
HD 118100 EQ Vir 1.17 4.03 0.11 13 0.164 21,19 4
HD 129333¢ EK Dra 0.61 2.787 0.10 — 0.283 2 26 G__fit
HD 134319¢ IU Dra 0.68 4.448 0.04 - 0.324 6 10 G__fit
HD 140637 KW Lup 1.02 2.72 0.11 14 0.119 22 1
HD 149661 12 Oph 0.82 11.0 0.02 0.6 0.549 18 1
HD 152391¢ V2292 Oph 0.76 11.45 0.06 3.7 0.644 2 21 K__fit
HD 156026 V2215 Oph 1.15 21.0: 0.02 2.2 0.869 14 1
HD 160934 1.23 1.842 0.02 16.4 0.074 13 1
HD 171488 V889 Her 0.60 1.341 0.12 40 0.123 2 6 G__fit
HD 190406 15 Sge 0.60 13.95 0.01 4 1.443 2 3 G__fit
HD 197481 AU Mic 1.44 4.9 0.32 - 0.061 24,7 10
HD 206860 HN Peg 0.59 4.70 0.05 11 0.550 2 2
HD 216803 TW Psa 1.10 10.3 0.04 — 0.433 5 1
HD 234601¢ 0.63 7.35 0.04 7 0.679 30 9 G__fit
HD 295290 0.58 3.04: 0.09 - 0.380 1 1 G__fit
SAO 45568 0.59 8.13 0.06 — 0.942 2 10 G__fit
SAO 51891 V383 Lac 0.86 2.42 0.08 19.8 0.114 13 1
SAO 150508 0.67 1.895 0.05 20 0.144 1 1
GT Peg 1.6 1.64 0.13 - 0.009 25,7 1
V1005 Ori 1.37 1.90 0.13 - 0.038 26,7 1
V1285 Aql 1.75 2.9 0.06 - 0.011 27,7 1
YZ CMi 1.61 2.8 0.16 — 0.015 28,7 1

EXO 052707 —3329.2 1.07 2.22 0.07 40 0.094 17 2
1E2349.8-0112 BS Psc 0.62 1.145 0.12 47.3 0.111 13 1
HE 628 0.65 2.676: 0.045 - 0.230 31 1
HE 1150 0.62 5.64 0.08 — 0.470 31 1 G__fit
(1) Cutispoto & Messina, person. comm. (11) Eggen (1984) (21) Torres & Ferraz-Mello (1971)
(2) Messina 1998, Ph.D. Thesis (12) Strassmeier et al. (1989) (22) Cutispoto et al. (1999)
(3) Chugainov (1991) (13) Henry et al. (1995) (23) Torres et al. (1985)
(4) Dorren et al. (1993), person. comm. (14) Lloyd Evans & Koen (1987) (24) Torres et al. (1972)
(5) Vogt (1975) (15) Oléh et al. (2000) (25) Bopp & Evans (1973)
(6) Messina et al. (1999a) (16) Bopp et al. (1983) (26) Bopp et al. (1978)
(7) Alekseev & Gershberg (1996) (17) Cutispoto et al. (1996) (27) Byrne et al. (1984)
(8) Ziegler et al. (1984) (18) Dorren & Guinan (1982) (28) Chugainov (1974)
(9) Messina et al. (1999b) (19) Anderson (1979) (29) Donahue (1993)
(10) Stepien & Geyer (1996) (20) Chugainov (1980) (30) Cutispoto et al. (2000) in press

(a) star in Fig. 2 (:) uncertain period (31) Marilli et al. (1997).
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then decreases. In the M spectral range, where most of the
stars are in the pre-main sequence evolutionary stage, the
spot activity level appears to be somehow higher than on
the main sequence.

3.4. Activity-flux relation

Activity diagnostics formed at various temperature
regimes or atmospheric levels are strongly correlated each
other. The flux-flux relations are best fitted by power
laws with steepening slopes when increasingly high tem-
perature diagnostics are plotted against the coolest ones
(Rutten et al. 1991; Piters et al. 1997; Ayres et al. 1995;
Marilli & Catalano 1984). These relations still hold when
stars of different spectral type, luminosity class and mul-
tiplicity are considered, indicating that the activity struc-
tures are temporally and possibly spatially correlated at
all atmospheric levels. These correlations are similar for a
wide variety of stellar parameters.

The dependence of spot activity upper envelope on
the rotation period for “fast” G stars was then compared
with the rotational dependence of other activity indicators
in the corona, TR and chromosphere: X-ray, Mg II h&k
and C IV luminosity, respectively. In our analysis we used
the luminosity-rotation relations of Dorren et al. (1994),
because all the stars we used to define the upper envelope
of G-type fast stars (last column of Tables 3-8) have the
same global properties (GO-G7 spectral range, rotation
period longer than ~1.1 days, and age of the Pleiades,
or older) of those analysed by Dorren et al. within the
“Sun in Time” project at the Villanova University (Dorren
et al. 1994; Dorren & Guinan 1994; Guinan et al. 1995)
and from which the relations between X-ray, Mg II h&k
and C IV luminosity and rotation period were derived.
Hence, most of the best observed G-type fast stars were
selected just from the “Sun in Time” stellar sample. The
following mean relations are found to apply:

Lx o P20 (3)
Lery o< P7150 (4)
Ltgn o< P09 (5)
Amax < P70 (G-type fast stars). (6)

The relations (3), (4) and (5) were derived from the data
in Table 3 of Dorren et al. (1994), the relation (6) is from
Table 2.

On the basis of the strong correlation between the pho-
tospheric and upper layers’ activity diagnostics and the
rotation period, we expect that a relation should also ex-
ist between the A, upper envelope and the upper layers’
activity diagnostics. By folding Eqgs. (3—-6) we may predict
the following relations:

LX x A3.41 (7)

LCIV X A2'54 (8)
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LMgH X A1’59 (9)

max
or

1.34 2.14 3.41
Lx o< Ly o< LMgH o Aprax-

(10)

However, it must be stressed that such relations are just
predicted and must be considered very tentative since they
are folded and obtained by substituting the upper enve-
lope relation for our sample of fast GO-G7 type stars into
relations for a much larger sample of GO-GS8 stars, of which
our upper envelope fast stars are only a small fraction.

4. Conclusion

We have presented an extension down to the photosphere
of the rotation-activity connection, so far extensively stud-
ied and well established for the outermost atmospheric lay-
ers. It is shown that the envelope of the maximum light
curve amplitude in the V-band (Amax) can be adopted as
an indicator of a lower limit of the photospheric magnetic
filling factor (fs) and, therefore, as a measure of a lower
limit of the photospheric magnetic activity confined into
spots. The study of the photospheric magnetic activity by
means of Ana.x in a sample of 225 field and cluster ac-
tive stars, which is much larger than previously analysed
(O'Dell et al. 1995; Krishnamurthi et al. 1998), reveals
the existence of different behaviours of the A .-P cor-
relation in different rotation rate ranges. At the base of
these behaviours may reside a different dynamo efficiency,
which effectively operates within a limited rotation range.
Moreover, the absence of correlation in the A .x-P re-
lation, at very high rotation rates, and Rossby numbers
Ry <0.02, may be tentatively interpreted as a saturation
effect. We believe that saturation is a regime in which the
dynamo can produce the widest range of distribution of
Amax values from very small to maximum. In the case
the hypothesis of the existence of a saturation regime is
correct, since the value of Ry at which A, saturates is
orders of magnitude smaller than the value at which chro-
mospheric, TR’s and coronal emission fluxes saturate, the
spot covering fraction would be the most reliable indicator
of magnetic dynamo activity at rotation rates above those
where activity fluxes saturate.

The activity level, as measured by the envelope of the
maximum light curve amplitudes, appears to depend also
on the B —V colour and age. The maximum activity level
is found in the K spectral range and at the Pleiades clus-
ter age, for both fast and wltra fast stars. The remark-
able photospheric activity level on K stars, relative to
other spectral types, has been suggested more than two
decades, when early evidence concerning a small sample
of active RS CVn-type binaries was presented (Catalano
et al. 1980). Our results are based on a much larger stel-
lar sample. Hence, we can conclude with confidence that
the highest dynamo efficiency, at least in producing asym-
metric spot distributions, and the best observation condi-
tions for photospheric activity development and manifes-
tations at the main sequence age are met in K-type stars.
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At the pre-main sequence evolutionary stage the spot
activity level appears somehow higher than for main se-
quence stars.

On the basis of the strong correlation between the
photospheric and upper layers’ activity diagnostics and
the rotation period, we tentatively predict that a relation
should also exist between the An.x upper envelope and
the upper layers’ activity diagnostics (see Eq. (10)). This
aspect certainly deserves to be more deeply investigated
and tested by using data in the literature and new data
bases.
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