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The complex interplay between rotation, 
convection, and magnetism in late-type stars

Single stars
Close binary systems or stars
with close-by massive planets
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Table 1: Summary of requirements. The technical information still TBD or TBC is highlighted in red.

Data type Requirements from Priority status for each sample Data requested Quality requested Metadata requested
Chromospheric activity index WP122 + WP123 WP122: P1-P2 (B), P4-P5 (C) Activity index Based on spectra B–V , SNR@390, stellar mass,
from Ca II H & K WP123: P1-P2-P4-P5 (A) + range of variations with R � 2500-3000 [Fe/H], luminosity class
(both R’HK and S index) if repeated observationsa + SNR@390 � 10
Chromospheric activity index WP123 P1-P2-P4-P5 (B) Activity index Based on spectra B–V , SNR@650
from H↵ + range of variations with R � 2500-3000

if repeated observationsa + SNR@650 � 10
Ground-based spectra WP122 P1-P2 (A), P5 (B) Optical spectraa R � 20,000 + instrument, R, SNR, �� +
(either preparatory or FU) <SNR> � 100 �-dependent error of the data

+ others TBD
P4 (B) Near-IR spectra (TBC)a,b TBD TBD

Interferometry WP122 P2 (B) Calibrated OI data R ⇠ 200, Instrument mode,
(oifits format) SNRV 2 > 10, 2 sets, reference stars used

600-900 nm + H band (+ diameter)
(K band in option)

a: Securing multiple observations is not a requirement.
b: Whether optical and/or near-IR spectra are needed is under investigation by M-dwarf WG led by Ulrike Heiter in WP122300.
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Requirements for activity indexes from the Interface Document
between Stellar Science (WP12) and GOP (WP14) 

(T. Morel et al. 2022; PLATO-ULG-PSM-IRD-0003)

The H! index is less useful in activity-age relationships because this line is photoionization-dominated in solar-like stars,

while the Ca II H&K resonance lines are collision-dominated (i.e., directly linked to the electron temperature in their

formation region), thus more sensitive to changes in magnetic heating (e.g., Linsky & Avrett 1970; Vernazza et al. 1981;

Linsky 2019). Moreover, the H! index can be affected by a varying proportion of chromospheric faculae and filaments in

stars (Meunier & Delfosse 2009; Gomes da Silva et al. 2014; Meunier et al. 2022). For a proposed improved H! index, see

Gomes da Silva et al. (2022). For other activity indexes, potentially useful for M-type stars, see, Gomes da Silva (2011).



Gyrochronology
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where P0 ! 1:1 d is the rotation period on the zero age main sequence (ZAMS)
and ! is the convective turnover timescale. The constants kC and kI have the values
kC D 0:646 d/Myr and kI D 452Myr/d when ! is taken from Table 1 of Barnes
and Kim (2010). These values are chosen to match the rotational behavior of stars in
young open clusters (t! 150Myr) and the rotation period of the Sun at its current
age. Magnetic activity does not increase with rotation rate above some limit for stars
with a very rapid rotation. The first term on the right-hand side of Eq. (3) accounts
for this saturation effect in young stars. The second term is the Skumanich-like
relation, Prot / t 0:5, that dominates for older stars. This formulation provides a
better fit to the rotational behavior of young stars than formulae that use only a
Skumanich-like relation.

Until recently, the calibration of gyrochronology was based only on stars in
open clusters younger than 1 Gyr plus the Sun. The Kepler mission has made it
possible to test gyrochronology for stars in open clusters with ages similar to the
Sun (Fig. 3). Applying Eq. (3) to stars observed using Kepler in NGC 6819 and
M67 gives predicted ages of 2.5 Gyr with a standard deviation of 0.25 and 4.2 Gyr
with a standard deviation of 0.7 Gyr, respectively. These estimates are consistent
with other age estimates for stars in these clusters.

Gyrochronology is only applicable to solar-type dwarf stars that spin-down due to
magnetic braking. It is not expected to give reliable age estimates for the following
types of star.
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Fig. 3 Rotation periods of stars in selected open clusters and the Sun (ˇ) as a function of (B!V)
photometric color (Barnes et al. 2016b; Meibom et al. 2011, 2015; Radick et al. 1987, 1995)

with prior open cluster results), indicating that they have
smaller fractional spotted areas, while the reddest stars are
variable enough to be detectable even from the ground. Stars
with spectral types F8-G0 are not detectably spotted. Similar
behaviors were noticed in the younger clusters NGC 6819 and
NGC 6811 (see Meibom et al. 2011, 2015).

We are reporting rotation periods for 20 stars of the 106
GLM15 member stars outside the area of the central K2
superstamp. These are undoubtedly the M67 stars with both
relatively large spot groups, and also those with rotational axes
favorably inclined with respect to the Earth. The remainder of
the 106 members include stars where spot evolution does not
allow good period determination, those that are either just
unfavorably inclined, and those that had insufficiently asym-
metric spot distributions and/or smaller-than-detectable spot
sizes during the K2 observations.

There are a half dozen additional periodic stars with lower
variability levels among the 106 members. Although their light
curves are less convincing than the ones reported here (at the
current levels of light curve correction), they lie in the same
regions of the CMD and CPD currently occupied by our
sample. This fact informs us that the CPD displayed in Figure 3
is robust against the particular choice of variables displayed.
Other researchers might construct M67 rotator samples using
slightly different choices for individual stars and may choose
different data reduction strategies. However, we opine that the
CPD presented here is unlikely to be altered significantly by
such choices.

Finally, we note that the P = P(t, M) surface for M67 is
expected to be intrinsically thinner than, for example, that of
the 2.5 Gyr cluster NGC 6819, because rotational evolution is
highly convergent (e.g., Kawaler 1988; Barnes & Kim 2010)
under normal circumstances (i.e., for stars that are not located
in close binary systems or are otherwise pathological). The
measured surface presented here is wider. We attribute this

scatter to the long rotation periods of the sample stars relative
to the K2 observing baseline. In contrast, the availability of
multiple quarters of Kepler data for NGC 6819 enabled
multiple determinations of each star’s period (see Meibom
et al. 2015) and the calculation of a corresponding mean stellar
rotation period.

3.3. Rotational Age for the Cluster

Clearly all these stars, with or without determined rotation
periods, have a single age equal to the cluster age, ∼4 Gyr
(Demarque et al. 1992; VandenBerg & Stetson 2004; Bellini
et al. 2010). However, by treating the individual measured stars
independently (i.e., as field stars, each sampling the cluster age),
we can examine the extent to which gyrochronology yields the
same age for individual cluster stars and the uncertainties with
which ages for similar field stars might be derivable.
We therefore proceed to derive rotational ages, ti, for the

individual periodic rotators in M67 from the periods, Pi. Various
models may be used for this purpose, beginning with those of
Endal & Sofia (1981) for solar-mass stars. We use the relationship
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from B10 because of its prior success relative to other models
in describing similar observations in a series of younger open
clusters, including most recently the 400Myr old cluster M48
(Barnes et al. 2015) and the 2.5 Gyr-old cluster NGC 6819
(Meibom et al. 2015).11 Here P0 = 1.1 d, and kC =
0.646 dMyr−1, kI = 452Myr d−1are two-dimensionless con-
stants, retained unchanged from B10. (The dispersion from the
range (0.12–3.4 d) of possible initial rotation periods is
negligible by the age of M67.) The convective turnover

Figure 4. Color–period diagram for M67 together with rotational isochrones
for the mean (4.15 Gyr) and median (4.3 Gyr) ages, constructed using the
model of Barnes (2010). The current Sun is located approximately 1σ above
these isochrones. The majority of the data scatter about the isochrone is
observational. We also display isochrones for certain younger ages for which
the model has been tested against key cluster observations.

Figure 5. Histogram of gyrochronology ages (red) for the individual M67 stars.
All stars but one have 3.4 Gyr < Age < 5.3 Gyr with a median age of 4.28 Gyr
(mean = 4.15 Gyr) and standard deviation of 0.7 Gyr (=17%). The equivalent
MH08 chromospheric age distribution for the single cluster members of
Giampapa et al. (2006) is also displayed for comparison. These ages have a
median of 3.95 Gyr (mean = 4.2 Gyr) and a standard deviation of 1.6 Gyr
(=38%). The arrows indicate the final chromospheric (4.1 Gyr) and
gyrochronology (4.2 Gyr) ages for M67 (see text).

11 Lanzafame & Spada (2015) (see Brown 2014) have also shown that this model
is better than others at describing the mass dependence of rotation. By including
the turnover timescale, and therefore the Rossby number, Ro, this model also
connects to chromospheric activity work by Noyes et al. (1984), and a body of
dynamo-related work going back to at least Durney & Latour (1978).
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Barnes et al. (2016):
rotational isochrones,
the Sun, and M67
observations.

Maxted (2018)



Limitations of gyrochronology: initial
conditions and period measurement

a) The sensitivity of the rotation period to the initial conditions set during the PMS phase lasts for 0.5-0.8 Gyr
for FGK-type stars and even longer in M-type stars;

b) Stars have surface differential rotation that limits the precision of the measurement of their rotation
period (in the Sun the range is about 15%, based on chromospheric data; e.g., Donahue et al. 1996);

c) Stars have active regions with finite lifetimes; this limits or makes impossible the measurement of the
rotation periods, especially at low (Sun-like) activity levels;

d) Limitation c) is especially important for stars with the age of the Sun or older; e.g., Reinhold et al. (2020)
found a period measurement in only 14.5% of their Kepler sample of Sun-like stars analysed by McQuillan
et al. (2014);

e) Methods based on the power spectrum inflection point (GPS method) gives an accuracy of ≈ 20% (Shapiro
et al. 2020; Reinhold et al 2022);

The basic gyrochronology limitation: !age / age ≃ 2 (!PROT / PROT)



Further gyrochronology limitations:
I. Weakened magnetic braking for old stars
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for uncertainties in the ages, masses, and compositions (see Methods) 
and predict the rotation periods that we should have observed given 
existing period–age relations2,14 (Pexpected), we find that the systematic 
offset persists; stars of roughly solar age and older are rotating more 
rapidly than predicted, regardless of the chosen period–age relation. 
Figure 2 highlights the systematic offset by plotting the ratios of the 
expected to observed periods for each star in the sample, where the 
expected periods are calculated using stellar models with a braking 
law calibrated on the Sun and on open clusters14 (a similar plot is 
provided in Extended Data Fig. 3 for the empirical relation2). The 
theoretical models14 fit the data with a χ2 value of 54.9, whereas the 
empirical relation2 yields a χ2 of 155.6. In both cases, the systematic 
offset towards short rotation periods is an indication that the models 
predict more angular momentum loss than actually occurs.

We therefore conclude that magnetic braking is weaker in these 
intermediate-age and old stars. We extend our model by postulating 
that, in addition to the Rossby scaling already present in the theoretical 
models14, effective loss of angular momentum ceases above a critical 
Rossby threshold12. We modify the prescription for angular momen-
tum loss14 to conserve angular momentum above a specified Rocrit. 
Graphs showing the effects of varying Rocrit values on the models are 
provided in Fig. 3. The inclusion of the threshold has the desired effect: 
it reproduces the existing gyrochronology relations and cluster data 
at young ages, when Ro is smaller because of more rapid rotation, 
but allows stars to maintain unusually rapid rotation periods at late 
times. Furthermore, it reproduces the trend in mass that is apparent 
in Figs 2 and 3 (and the trend in the zero-age main-sequence (ZAMS) 
Teff, which selects stars with similar rotational histories; we perform 
all fits using the seismic mass, but use ZAMS Teff for display to sim-
plify the figures). Hotter, more massive stars reach the critical Rossby 
threshold at younger ages, and we therefore see discrepancies between 
the fiducial gyrochronology relationships and the observations at 

earlier times as ZAMS Teff increases. The best-fit value for the Rossby 
threshold, given our sample, is Rocrit = 2.16 ± 0.09 (χ2 = 13.3) for the 
modified models. The shaded grey regions in Figs 2 and 3 denote the 
full range of period ratios (PRocrit/Pfiducial), and the period–age com-
binations allowed for a model with Rocrit = 2.16, given the ranges of 
ZAMS Teff that are represented in each panel. These regions encom-
pass all combinations of mass (0.4–2.0 solar masses) and metallicity 
(−0.4 < [Z/H] < +0.4) that together produce a star within the appro-
priate ZAMS Teff range for each panel of Figs 2 and 3, on both the 
main-sequence and the subgiant branch.

We emphasize that our result—that old stars are rotating anom-
alously rapidly—persists regardless of the choice of period–age 
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Figure 1 | The period–age plane as predicted by gyrochronology, 
compared with observed periods. The empirical gyrochronology 
relation2,4 is shown as a plane. Data from open stellar clusters are shown 
as small squares (NGC 6811 cluster; 1 Gyr) and triangles (NGC 6819 
cluster; 2.5 Gyr). Large circles represent the seismic sample of 21 stars that 
are detected in the Kepler data; this sample falls systematically below the 
plane. The solar symbol (⊙) marks the Sun, which falls on the plane by 
design. The effective temperature, Teff, is a proxy for mass.
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Figure 2 | Ratios of the predicted rotation period14 to the observed 
period. Predicted rotation periods are derived from existing period–
age relations; observed periods are as detected by the Kepler telescope. 
These ratios are plotted against stellar age. Stars are divided according to 
decreasing ZAMS Teff: a, 5,900–6,200 K; b, 5,600–5,900 K; c, 5,100–5,400 K. 
Period ratios for open clusters are shown as black symbols, as follows: 
diamonds, M37; circles, Praesepe; squares, NGC 6811; triangles, NGC 
6819. The Sun (⊙) is also marked. Coloured circles represent seismic 
targets; coloured triangles represent known planet hosts; coloured squares 
represent the binary stars 16 Cygni A and B. All errors are shown to 1σ. 
Stars are coloured according to ZAMS Teff, with blue representing the 
hottest stars and red the coolest stars. Shaded regions represent the period 
ratios permitted in each Teff bin for a model in which Rocrit = 2.16.

© 2016 Macmillan Publishers Limited. All rights reserved

Ratio between predicted and measured rotation period

in stars with asteroseismic ages in different ranges of

effective temperature a: 5900-6200; b: 5600-5900; c:
5100-5400 K. The predicted periods come from the

gyrochronological model by van Saders & Pinsonneault

(2013) [Figure after van Saders et al. 2016].

Stars older than the Sun appear to experience a reduced

magnetic braking. More recent works confirm this result

(e.g., Hall et al. 2021 and reference therein).



Further gyrochronology limitations:
II. Stalled rotation in low-mass stars

Rotation does not appear to evolve in low-mass stars

with an effective temperature between roughly 5000

and 4000 K between the age of Praesepe (0.67 Gyr) and

that of NGC 6811 (1 Gyr).

The duration of the stalled rotation phase seems to be a

function of the stellar mass, but we need more data for a

detailed description of the phenomenon (e.g., Agueros

et al. 2018; Curtis et al. 2019; Douglas et al 2019).

Stalled rotational evolution could be related to the

angular momentum exchange between the radiative

interior and the convective envelope in late-type stars

(Spada & Lanzafame 2020).

have been recalibrated using a variety of empirical data (e.g.,
Mamajek & Hillenbrand 2008; Meibom et al. 2009b; Angus
et al. 2015), this class of model has been unable to accurately
describe the color–period distributions of all benchmark
clusters.

Over the past decade, study after study found that the Prot
distributions for pairs of young clusters (-1Gyr) do not align
when projecting one population to the age of the other using
the Skumanich law (e.g., Meibom et al. 2009b, 2011a, 2011b;
Cargile et al. 2014; Barnes et al. 2015, and including the
Pleiades, Blanco 1, M35, M34, the Hyades, M48, and
NGC 6811). But it was not clear in those studies whether

these discrepancies could be resolved with a color-dependent
(but time-independent) braking index, whereby Kdwarfs
simply have a smaller n than Gdwarfs, and they spin down
continuously following that different power law.
This is no longer a viable solution. Agüeros et al. (2018)

found that Prot data for the 1.4 Gyr old NGC752 cluster
overlapped with the Praesepe sequence at Må≈0.5 M:,
despite being twice as old (700Myr older). Then, when
examining the color–period distribution for the 1 Gyr old
cluster NGC6811, Curtis et al. (2019a) found that the
converged slow sequence departed from models at
Må<0.95 M:and merged seamlessly with the Praesepe

Figure 7. Top left: Prot data for benchmark populations (data provided in Table 5), including the Pleiades (120 Myr; Rebull et al. 2016), Praesepe (670 Myr; Douglas
et al. 2017, 2019), NGC6811 (1 Gyr; Curtis et al. 2019a), NGC752 (1.4 Gyr; Agüeros et al. 2018), NGC6819 (2.5 Gyr, and projected forward in time to 2.7 Gyr to
better match the Ruprecht 147 sample; Meibom et al. 2015), Ruprecht147 (2.7 Gyr; this work), and three old Kdwarfs: αCen B and 61Cyg A and B (6 ± 1 Gyr).
The Ruprecht147 data show that the stars that were stalled between the ages of Praesepe and NGC6811 have resumed spinning down by 2.7Gyr. Temperatures are
computed from Gaia DR2 �G GBP RP 0( ) colors using our color–temperature relation presented in Appendix A.1. Colors are dereddened using

� �E G G A0.415 VBP RP( ) , with cluster AV values provided in Appendix A.3. Top right: same data as the first panel, along with a binned subset of the Kepler
field distribution (McQuillan et al. 2014), focusing on single dwarfs within 1000pc to minimize bias and smearing due to interstellar reddening. The Kepler colors are
dereddened using the � �E B V( ) 0.04mag kpc−1 law, which approximates the median reddening pattern derived in Appendix F, and temperatures are calculated
using our color–temperature relation. The data are binned by 25K and 0.5 days. Bottom left: same data as the first panel, along with Praesepe-based gyrochrones (a
polynomial fit to the Praesepe slow sequence, scaled according to �t tPrae.

0.62( ) ). While this model works well for G dwarfs, for populations older than Praesepe, the
models flare up to very long periods at temperatures cooler than 1T 5000eff K. Bottom right: same data as the first panel, along with the Spada & Lanzafame (2020)
core–envelope coupling model evaluated at representative ages for this sample (120 Myr, 700 Myr, 1.0 Gyr, 1.5 Gyr, 2.5 Gyr, and a projection of the solar age model
to 6 Gyr using n=0.5). This model fits the joint 2.7Gyr sample (NGC 6819 + Ruprecht 147).
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(Curtis et al. 2019)



Chromospheric activity – age relationship
• It appears to hold also for stars older than the Sun with the

chromospheric activity indicator R’HK continuing to decline up
to at least 6-7 Gyr;

• The relationship depends on the star mass and has a maximum
precision of 20-25%;

• It requires to correct R’HK for the effect of metallicity (e.g.
Rocha-Pinto & Maciel 1998), otherwise the precision is badly
reduced to 60-90%;

• It requires to properly sample the rotational cycle (usually done
to apply GP models of stellar activity in RV monitoring) and the
activity cycle (it may require monitoring on timescales of
decades);

For more details, see the presentation by Joao Gomes da Silva at
the HOW2 Workshop.

(after Lorenzo Oliveira et al. 2018 for solar
twins; see also Zhang et al. 2019 for
relationships based on LAMOST data for a wider
range of effective temperatures)



• Precise activity measurements that cover 
the full cycles


• Example: 

• Chromospheric age of Alf Cen B at 
cycle maximum: 5.4 +/- 0.6 Gyr (MH08)


• Chromospheric age of Alf Cen B at 
cycle minimum: 9.9 +/- 1.1 Gyr (MH08)

Effect of activity variability in age determination

João Gomes da Silva PLATO HOW#2

Alpha Centauri B

Rotation signal

Cycle signal



Aiming at a 20% age precision with gyrochronology
and chromospheric activity

Possible, but only for a subset of PLATO targets



Main limitations and conclusions
• Gyrochronology has several limitations, especially for stars at the solar age or older because of the difficulty in

determining the rotation period, the rather larger differential rotation, and the weakened braking phenomenon;

• Stars less massive than the Sun may suffer a prolonged phase of stalled rotational evolution (up to 1 Gyr for late-K or

M-type stars);

• Therefore, it seems safe to apply gyrochronology from F8 to G-type stars with ages in the range 0.7-4.5 Gyr;

• We expect PLATO to help the calibration of gyrochronology for older stars and possibly for later-type stars, exploring

metallicity effects (e.g., Amard et al. 2020);

• The chromospheric-activity age (CA-A) relationship seems to hold up to 6-7 Gyr for solar twins, but it requires an

appropriate sampling of the intrinsic variations in the R’HK index (rotation, active region evolution, and activity cycles)

and to take into account metallicity effects;

• The physical reason for a weakened magnetic braking, while the CA-A relationship still holds at ages older than the

Sun, is still unclear;

• It has been suggested that the stellar magnetic field may change its topology at the solar age, possible as a result of a

change in the regime of differential rotation that affects the stellar dynamo (e.g., Metcalfe et al. 2021, 2022 and

references therein; see theoretical models by Brun et al. 2017, 2022 and the recent work by Noraz et al. 2022);



Thank you very much for your attention



Additional material



R’HK activity index determination

(after Gomes da Silva et al. 2021)
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Figure 2. WASP-12 (blue triangle) in B − V vs. log R′
HK plane, compared with stars with B −V < 1.0 observed by Wright et al. (2004, squares), Jenkins et al. (2006,

2008, 2011, stars), and Knutson et al. (2010, red pluses). Color and activity indices adopted for WASP-12 are those given by Knutson et al. (2010). Circles indicate
positions of planet hosting stars X0-4, CoRoT-1, WASP-13, WASP-17, and WASP-18 (see Section 4). The dotted line indicates the minimum activity value within the
Wright et al. (2004) sample, accounting for contamination by subgiants (Wright 2004).
(A color version of this figure is available in the online journal.)

(∼650 pc). We estimated the fundamental parameters by com-
paring observed hydrogen line profiles (Hα, Hβ, Hγ , and
Hδ) with synthetic spectra calculated with the SYNTH3 code
(Kochukhov 2007), utilizing LLmodels model atmospheres
(Shulyak et al. 2004). We obtained: Teff ∼ 10,700 K, log g ∼
4.25, and υ sin i ∼ 120 km s−1.

Narrow ISM absorption lines are clearly visible in
HD257926’s Ca ii H and K and Na i D1 and D2 lines: see
Figure 3 (top-left panel) for Ca ii K. Each doublet member shows
at least two ISM velocity components. For conciseness we focus
on the higher S/N ESPaDOnS spectrum, but the FIES spectrum
provided comparable results. We removed the stellar contribu-
tion using a synthetic spectrum, and fitted multiple Gaussians to
the residual ISM absorptions. Table 2 lists the equivalent widths
of the ISM lines. We calculated synthetic ISM line profiles for
a range of “b” parameters (characterizing thermal and turbulent
line broadening) and column densities, and for each b value
determined the column density that reproduced the observed
equivalent width. For Ca ii, we then compared the derived H
and K column densities, and determined the b value for which
the two column densities agreed. We proceeded in the same
way for the Na i D lines. In all cases we allowed the two Gaus-
sian profiles to have variable widths. Our conclusions were not
significantly affected by these choices.

Table 2
ISM Properties Derived from HD257926

Ca ii K Ca ii H Na i D1 Na i D2

υr-blue +1.8 ± 0.1 +2.0 ± 0.2 +4.2 ± 0.2 +4.2 ± 0.2
υr-red +17.3 ± 0.2 +18.0 ± 0.2 +17.0 ± 0.1 +16.9 ± 0.1
FWHMblue 10.0 ± 0.2 9.8 ± 0.5 8.0 ± 0.5 10.5 ± 0.5
FWHMred 11.7 ± 0.3 10.4 ± 0.7 9.3 ± 0.2 10.1 ± 0.2
EQWblue 82 ± 2 56 ± 2 35 ± 2 79 ± 4
EQWred 79 ± 2 48 ± 3 182 ± 2 212 ± 3
log Nblue 12.2 ± 0.1 11.6 ± 0.1
log Nred 12.1 ± 0.1 12.8 ± 0.1
log NSS96 9.79 11.37
log NSun 13.52 12.25

Notes. Radial velocity (υr, in km s−1), full width at half-maximum (FWHM, in
km s−1), equivalent width (EQW, in mÅ), and column density (in cm−2) of the
Ca ii H and K and Na i D1 and D2 ISM velocity components (“blue” and “red”),
measured in HD257926. The final two rows list total Ca ii and Na i column
densities derived for average ISM conditions and the WASP-12 reddening,
assuming either the gas-phase ISM abundances of Savage & Sembach (1996,
SS96) or the solar abundances of Asplund et al. (2009; see text).

4

(after Fossati et al. 2013; see also statistical studies in Lanza 2014 and Fossati et al. 2015 interpreting the underactive stars
as enshrouded by an absorbing plasma torus produced by planet evaporation or Pillitteri et al. 2014, Fossati et al. 2018 
claiming a stellar dynamo quenching in WASP-18)

The R’HK index in field stars and in stars with transiting planets



Metallicity effect on chromospheric index

observed in Fig. 1(a). Inversely, calcium-poor stars show higher

chromospheric indices, which is mainly a result of their weaker Ca

spectral features.

3 M E TA L L I C I T Y D I S T R I B U T I O N S

AC C O R D I N G T O C E L E V E L

Vaughan & Preston (1980) noted that solar neighbourhood stars

could be divided into two populations, namely active and inactive

stars, herafter referred to as AS and IS, respectively. The separation

between these populations is made by the so-called Vaughan–

Preston gap, located around log R0
HK ¼ ¹4:75, which is a region of

intermediate activity containing very few stars. Recently, HSDB

showed that the Vaughan–Preston gap is a transition zone instead of

a zone of avoidance of stars. Moreover, they showed that two

additional populations seem to exist: the very active stars

(VAS; log R0
HK > ¹4:20) and the very inactive stars (VIS;

log R0
HK < ¹5:10Þ.

It is interesting to see whether any trends in the chemical

composition of these four groups exist. At first glance, on the

basis of the existence of a deterministic CE–age relation (Soder-

blom et al. 1991), and of the age–metallicity relation, we would

expect a CE–metallicity relation to exist. The dependence on [Fe/

H] of the CE–age relation, discussed in the previous section, could

hinder or mask such a CE–metallicity relation, and our results could

in principle show whether or not that dependence is real.

Fig. 3 shows the ½Fe=Hÿ × log R0
HK diagram for the 730 stars of

sample B. The vertical dashed lines separate the four populations

according to their activity level. Contrary to the argument presented

in the previous paragraph, there seems to be no significant CE–

metallicity relation. Moreover, it is clear that the metallicity

distribution of the four groups are very different from each other.

This is shown more clearly in Fig. 4, where we compare their

metallicity distributions with the solar neighbourhood metallicity

distribution (Rocha-Pinto & Maciel 1996).

It can be seen from Fig. 4 that the metallicity distribution of the IS

is very similar to the solar neighbourhood standard distribution,

suggesting that the IS sample represents the stars in our vicinity
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Figure 2. CE index as a function of the Ca abundances for the stars in Sample A. The values of [Ca/H] are from Edv93. Open circles: active stars; filled circles:

inactive stars.

Figure 3. ½Fe=Hÿ × log R0
HK diagram for the 730 stars of sample B. The

vertical dashed lines separate the four populations. The solid lines mark an

apparent ‘activity strip’ where the AS and VAS are mainly located.

(Rocha-Pinto & Maciel 1998)
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Chromospheric index vs. asteroseismic age

(Booth et al. 2020, MNRAS 491, 455)



Possible evolution of the activity cycle periods
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