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Motivation

• Test methods to measure rotation and differential rotation;

• Calibration of the rotation-activity and rotation-age (gyrochronology)
relationships up to the solar age and beyond (e.g.. van Saders et al. 2016, Nature
529, 181; Barnes et al. 2016, ApJ, 823, 16);

• Connection between photospheric variability and higher energy emissions
(chromospheres and coronae);

• Activity cycles on short (months) and long (years) timescales;

• Comparison and calibration of numerical simulationswith real stars.



General	properties

• Pre-Main-Sequence (PMS) and Main-sequence stars (but subgiant and giant stars can
also be considered; e.g., Garcia et al. 2014, A&572, A34; Garcia et al. 2016, in prep.);

• Effective temperaturebetween 8000 and 3000 K;

• Age range fromPMS to late main-sequence;

• Rotation periods from0.2 to 50-100 days;

=> Ideally, we would like to cover a rangeof parameters as largeas possible.



Possible samples of	benchmark	stars

• Individual stars with full parameter characterization from a variety of observations (e.g., solar
twins, e.g., 18 Sco, ϗ1 Cet (Do Nascimento et al. 2016, ApJ 820, L15); CoRoT asteroseismic targets,
Kepler targets [e.g., 61 Cyg A and B], …);

• Samples of stars with asteroseismic, rotation, and activity characterizations from Kepler
timeseries (e.g., Garcia et al. 2014, A&A 572, A34);

• Mt. Wilson Ca II H & K program stars (data covering 3-4 decades now public) => long-term activity
variations, rotation from chromosphericmodulation;

• Interesting stars coming from large surveys (e.g., RAVE, e.g., Zerjal et al. 2013, ApJ 776, 127);

• Stars belonging to open clusters because their parameters can be best characterized and they are
drawn from a homogeneous population (e.g., Lund et al. 2016, in prep.).



(Garcia	et	al.	2014)	

A&A 572, A34 (2014)

Fig. 3. Modified Hertzsprung-Russell diagram (�⌫ vs. Te↵) showing the
Sun and the 297 stars for which the rotation period, Prot, was suc-
cessfully measured and a large frequency spacing is available from
Chaplin et al. (2014). Hot stars are shown in red and defined as having
Te↵ > 6250. Dwarfs (Te↵  6250 and log g > 4.0) are shown in blue,
and subgiants (Te↵  6250 and log g  4.0) in green. E↵ective tem-
peratures are taken from Pinsonneault et al. (2012). The stars for which
only the e↵ective temperatures from Huber et al. (2014) are available
are plotted in grey. Evolution tracks, computed with the code ASTEC
(Christensen-Dalsgaard 2008), are shown for a range of masses at solar
composition (Z� = 0.0246).

Table 5. Stars without a sign of rotation in the light curve.

KID
4915148
4918355
5603483
5629080

8179973†
8547279

Notes. The star for which KID shows a (†) is a KOI.

deviation of the whole light curve. In the case of the Sun, the
comparison of S ph with a well-established magnetic activity
proxy, the 10.7 cm radio flux (which is a useful proxy for the
combination of chromospheric, transition region, and coronal
solar EUV emissions modulated by bright solar active regions
(see for further details Bruevich et al. 2014)), demonstrated that
S ph is a good indicator of the surface magnetic activity of the
Sun (García et al. 2013b) and is well correlated with the chro-
mospheric activity. Basri et al. (2011) also defined a photometric
variability index, called the range, Rvar(tlen), to characterize the
variability of the Kepler targets at di↵erent time scales. This in-
dex, calculated by taking the flux included between 5% and 95%
of the span in brightness, can underestimate the variability level
of very active stars, however. Basri et al. (2013) calculated Rvar
for the exoplanet targets Q9 time series of about 90 days, which
were reduced using the PDC-MAP pipeline. Rvar was determined
as the median value of segments of a given length, tlen = 30 days.
This length was chosen because it is close to the solar rotation
period. However, the variability in the light curves can have dif-
ferent origins such as stellar pulsations, convection, or spots on
the surface of the star, which are linked to the rotation period. For
these reasons, and to specifically study stellar magnetic activity,
the rotation period of the star needs to be taken into account in
calculating the magnetic activity index. In this way, most of the

Fig. 4. Histograms of the extracted surface rotation periods, Prot, for the
full sample (grey), hot (red), dwarf (blue), and subgiant stars (green) as
defined in Fig. 3. For comparison with our sample of dwarfs, the solar
rotational rate (25.4 days) is represented in black in the central panel at
an arbitrary Y axis of 5. In the left and right panels, the Sun is plotted
in grey as guidance for the eyes only.

variability should be related to the magnetism (spots) and not
to the other sources of variability. However, it should be noted
that the stellar inclination along the line of sight a↵ects the ob-
served value of the variability index if we assume that the stellar
variability in solar-type stars is dominated by contributions from
active latitudes as for the Sun. Consequently, an intrinsically ac-
tive star observed at a low angle of inclination may present a
moderate-to-low variability index.

Helioseismology has proven that the surface magnetic activ-
ity is related to an inner dynamo process linked to the turbu-
lence and the di↵erential rotation between the envelope and the
base of the convective zone. The rotation period is thus a key
parameter for understanding stellar magnetism. Moreover, when
defining a stellar magnetic variability index for a large sample
of stars, any temporal variations of the activity need to be taken
into account, with periods of lower and higher activity, given the
long time-series provided by the Kepler mission. The stellar vari-
ability indices determined so far (García et al. 2010; Basri et al.
2011, 2013) did not use the rotational period as input. In this
section, we aim to determine a global magnetic activity index
linked to the rotation period, which can also provide the possi-
bility of studying the temporal evolution of the stellar activity.
To do so, the Q0 to Q14 Kepler light curves for a total of over
1200 days were divided into sub-series of k ⇥ Prot, where Prot is
the rotational period of a given star, as measured in Sect. 3, and
k is an integer. For each individual sub-series, the standard devi-
ation S ph,k of the non-zero values was calculated. The non-zero
values exclude any quarter that was not observed for a given star
or was removed because it was identified as bad (see Sect. 2).
Moreover, a given sub-series was used only if the length of the
sub-series was at least 2.5 times Prot to avoid introducing any
bias between sub-series. The magnitude correction of the photon
noise from Jenkins et al. (2010) was then applied to the S ph,k.

As an example, Fig. 5 shows the light curve of the star
KIC 6448798 from Q0 to Q14 that spans more than 1200 days
(top left panel). The rotational period measured for this star is
Prot = 6.44 ± 0.56 days. The following panels show the evolu-
tion of the magnetic index S ph,k calculated for di↵erent values of
the factor k (1, 3, 5, 10, and 30) as a function of time. The black
dashed line represents the value of the standard deviation over
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Facilities to	follow up	benchmark	stars

• Photometry from the ground (e.g., APTs, ZTF, LCOGT in the optical passband) =>
activity and rotation fromphotospheric features;

• Spectroscopy (e.g., STELLA, Weber et al. 2012, SPIE 8451; WHT/WEAVE - large-
FoV multi-object; CFHT/Spirou - spectropolarimetry) => activity and rotation from
chromospheric line emissions, photosphericmagnetic fields;

• High-precision space-borne photometry for asteroseismology and activity studies
(CoRoT, Kepler/K2, TESS);

• The next future: GAIA to improve the measurements of stellar fundamental
parameters; LSST (from mid 2022) to study flares in K-M dwarfs and find rare
kinds of variable stars.



Conclusions

• Selection criteria for	benchmark	stars are	to	be	definedaccording to:
a) the	scientific purposes they should serve;	
b) the	datasets already in	hand or	that can	be	acquired;	

• The	optimal numberof	benchmarks and	their magnitude limit are	to	
be	determined;

• Coordination with	the	otherWPs is mandatory to	optimize the	effort
and	converge	on	a	common	list	of	benchmarks,	wheneverpossible.	


