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The challenge of long-term space photometry

Several types of PLATO core targets benefit from long-term (months-years) 
photometric precision of ∼0.1%

– Activity cycles of FGK stars, stellar differential rotation
– Rotational variability of slowly rotating stars
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Solar irradiance (Nandy+ 2021) M dwarf rotation (Newton+ 2018)



The challenge of long-term space photometry

PLATO will acquire data in quarters, similar 
to Kepler. FoV will rotate between quarters

– Intra-quarter systematics
– Jumps between data from different 

quarters
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extent, we also found that having most of the spectrum of a par-
ticular systematic error in the same band helps to improve the
correction quality. For instance, as seen in Figure 4, Earth-point
recoveries have a strong signal on the scales (128,64,32). Since
Earth-point recoveries are the most prominent residual system-
atic errors in PDC-MAP, grouping the channels with scales
(128,64,32), and possibly also 256, in the same band appears
useful for the correction. Based on these observations, we found
(1024=512; 256; 128; 64; 32=16; 8; 4=2; 1) to be a good four-
band decomposition and (1024=512; 256; 128; 64; 32; 16; 8;
4=2; 1) to be a good three-band decomposition for most cases.
However, as with the number of bands, the overall correction
performance was not overly sensitive to this parameter choice
within small variations.

3.3. Modification of MAP Parameters

An investigation of several MAP parameters, in particular the
number of basis vectors per band, showed that most MAP pa-
rameters should remain unchanged and the same for each band.
One parameter which had to be changed is the light-curve nor-
malization method for the singular value decomposition and for
the MAP fit (see Smith et al. [2012] for details). We use nor-
malization by the mean only in the longest-scale band, because
the other bands have zero mean. Instead, the medium-scale
bands are normalized by the standard deviation of each light
curve. With no long-term trends (or high-frequency noise) in
the medium-scale bands, the standard deviation remains the best
metric for normalization. The shortest scale band is normalized
by the noise floor, which is estimated by the first differences

FIG. 10.—Comparison of a three-band vs. a four-band correction. (a) A four-band correction can sometimes lead to better results when the three-band correction has
residual systematic errors. (b) On the other hand, four-band corrections can sometimes introduce artifacts. Both of these cases are rare, and usually both corrections
perform similarly well. See the online edition of the PASP for a color version of this figure.
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Intra-quarter correction of Kepler 
light curves (Stumpe+ 2014)

Need constant-star photometric calibrators to characterize long-term instrumental effects and 
calibrate methods of their removal



Possible calibrators

o Stars with quiet, stable atmospheres, exhibiting no intrinsic variability on time 
scales from months to years
– FGKM stars: no (convection, dynamo field, activity cycles)
– O-B5 stars: no (rare, variability due to winds, pulsations, binarity) 
– B5-A stars: yes (no convection, no winds, stabilized by mag. field)

o Types of intermediate-mass star photometric calibrators
1. Non-variable AB stars: very rare, hard to establish
2. Magnetic Ap/Bp stars with very long rotation periods: rare
3. Magnetic Ap/Bp stars with short rotation periods: common, regular mono-periodic 

variability can be removed by averaging or modelling
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More details in PLATO technical notes: PLATO-UU-PSM-TN-001, PLATO-UU-PSM-TN-002 



Variability of short-period Ap stars

o Fossil, dipolar-like magnetic fields
o High-contrast chemical spots
o Non-uniform brightness distribution
o Surface structure is stable on time scales ≥100 yr
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Surface structure of Ap star 
𝜑 Dra (Kochukhov+ 2022)

TESS observations: Short-period Ap stars

Identifying Long-Period Ap Stars with TESS STARS-2021, April 26–30, 2021

P = 5.015 d

P = 1.046 d

P = 11.5394 d

Mathys+ (2020)



Variability of long-period Ap stars

o Typical periods of several days, long tail with 
periods up to decades

o ∽200 long-period candidates from TESS light 
curves (Mathys+ 2020, 2022, 2024)

o 8 stars with accurately measured rotation 
periods >1000 d
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Rotational properties of mCP stars 2747

stars must lose a significant amount of their initial AM in the PMS
phase of evolution. More recently, a study of the PMS progenitors
of the mCP stars (Alecian et al. 2013) suggests that all the AM loss
is indeed completed at very early evolutionary stages.

In their thorough investigation into the evolutionary status of
mCP stars, Kochukhov & Bagnulo (2006) studied the relation of
rotation period and surface gravity and provided evidence that older
stars rotate more slowly. It was found that, for the more massive
mCP stars (M ≥ 3.0 M⊙), no evidence exists for significant changes
in AM during the MS lifetime – the observed correlation of period
and age is fully explained by loss of inertia due to stellar evolution.
The situation was less clear for the lower mass mCP stars. While no
results were found for the mass regime M ≤ 2.0 M⊙, the authors do
not rule out that mCP stars in the mass range 2.0 M⊙≤ M ≤ 3.0 M⊙
might have undergone AM loss during the MS phase.

2 C O M P I L AT I O N O F T H E SA M P L E

New or improved data on the rotational periods of mCP stars have
appeared recently in the literature, which allow the investigation
of an unprecedentedly large sample of stars with known rotational
periods. In the following, a short overview over the sources is given,
from which rotational periods of our programme stars were drawn.

As a first step, the catalogue of mCP star periods compiled by
Renson & Catalano (2001) and the International Variable Star Index
of the AAVSO (VSX; Watson 2006) were searched for data on
rotational periods. The latter compilation incorporates the data of
the General Catalogue of Variable Stars (Samus et al. 2010) and is
the most up-to-date source on variable star data. In addition to that,
periods were drawn from Wraight et al. (2012), who analysed the
light curves of a large sample of mCP stars using data obtained with
the STEREO spacecraft. About 80 ACV variables were identified in
this way.

The All Sky Automated Survey (ASAS) is a project that aims
at continuous photometric monitoring of the whole sky, with the
ultimate goal of detecting and investigating any kind of photomet-
ric variability (Pojmański 2002). Employing data from the third
phase of the ASAS project (ASAS-3), Bernhard et al. (2015b) and
Hümmerich, Paunzen & Bernhard (2016) investigated known or
suspected mCP stars from the Renson & Manfroid (2009) cata-
logue. In total, 673 bona-fide ACV variables and candidates were
identified. Likewise, Bernhard, Hümmerich & Paunzen (2015a)
used publicly available data from the SuperWASP survey, which
resulted in the discovery of an additional 80 new ACV variables.
These results were also incorporated into the present investigation.

In the case of objects with multiple entries in any of the afore-
mentioned sources, we have adopted the most recent results. In this
way, periods were compiled for more than 1300 stars in total.

As next step, we searched for parallax measurements in the
Hipparcos catalogue (van Leeuwen 2007) and the recent Data
Release 1 of the Gaia satellite mission (Gaia Collaboration
et al. 2016a,b). Parallaxes with an accuracy better than 25 per cent
were retrieved for about 880 objects, and the more accurate paral-
lax was adopted if measurements were available in both data sets.
Furthermore, we queried for photometric data that allow an esti-
mate of effective temperature (see Section 3). The validity of the
mCP classification of our programme stars was investigated by em-
ploying the MK spectral types listed by Skiff (2014), photometric
peculiarity indices in the !a and Geneva systems (Paunzen, Stütz
& Maitzen 2005) and additional information such as measurements
of the magnetic field strength. Objects whose status as mCP stars
is uncertain were excluded. Likewise, we decided against intro-

Table 1. Period sources and number of period values taken from each
source.

Source #period values

Period compilation (Renson & Catalano 2001) 201
VSX (Watson 2006) 67
STEREO (Wraight et al. 2012) 51
ASAS-3 (Bernhard et al. 2015b) 98
WASP (Bernhard et al. 2015a) 11
ASAS-3 (Hümmerich et al. 2016) 92
Number of stars in the sample 520

Figure 1. Distribution of rotational periods. The grey area represents the
complete sample of about 1300 stars; the solid line denotes the distribution
in our final sample of 520 stars.

ducing correction terms for known spectroscopic binary systems
and dropped these objects from our sample. However, the lack of
appropriate photometric data has been the main limiting factor re-
sponsible for reducing our final sample to 492 CP2 and 28 CP4
stars.

Table 1 provides an overview over the employed period sources
and the number of period values for the stars that entered the final
sample. Fig. 1 shows the distribution of rotational periods in the
original starting sample of about 1300 stars and in the final one. Both
agree well, assuring that the selection process does not introduce a
significant bias in the distribution.

3 D E T E R M I NAT I O N O F A S T RO P H Y S I C A L
PA R A M E T E R S

Spectroscopic effective temperatures are only available for a
small number of mCP stars (Netopil et al. 2008), thus we had
to fall back on photometric data to derive this parameter. We
queried ‘The General Catalogue of Photometric Data’2, Mer-
milliod, Mermilliod & Hauck (1997) and Paunzen (2015) for
measurements in three photometric systems (UB V, Strömgren–
Crawford uvbyH β and Geneva) which allow the calibration of
effective temperature for mCP stars (Netopil et al. 2008). For
B-type stars, the majority of objects in our sample, all systems
provide an estimate of interstellar reddening (see overview by

2 http://gcpd.physics.muni.cz/
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G. Mathys et al.: The 29-year rotation period of HD 50169

Fig. 1. Upper panel: mean longitudinal magnetic field of HD 50169
against rotation phase. The di↵erent symbols identify the source and/or
instrumental configuration from which the hBzi value was obtained,
as follows: crosses (red): Babcock (1958); filled triangle (violet):
Mathys & Hubrig (1997); filled circles (dark blue): Mathys (2017);
filled squares (salmon): Romanyuk et al. (2014), and new measure-
ments of spectra obtained with the Main Stellar Spectrograph of the
6 m telescope BTA of the Special Astrophysical Observatory. The long-
dashed line (blue) is the best fit of the observations by a cosine wave and
its first harmonic, see Eq. (5). The short-dashed line (green) corresponds
to the superposition of low-order multipoles discussed in Sect. 4. Lower
panel: di↵erences O�C between the individual hBzi measurements and
the best-fit curve against rotation phase. The dotted lines (blue) corre-
spond to ±1 rms deviation of the observational data about the fit (red
dashed line). The symbols are the same as in the upper panel.

figure, but because their size does not significantly exceed that
of the symbols, they can hardly be distinguished.

Moreover, agreement between the field values obtained with
the di↵erent instrumental configurations is excellent. We do not
find any systematic instrumental e↵ects such as those that have
occasionally a↵ected previous measurements (e.g. Sect. 6 of
Mathys et al. 1997). In particular, as we used HARPS and UVES
spectra for the first time for hBi determinations, the good agree-
ment of the resulting values with those obtained with instru-
ments that we used in the past, such as the CES, is noteworthy. It
strengthens our confidence that the mean magnetic field modu-
lus measurements that we obtain using a large number of di↵er-
ent instruments are free from any significant systematic errors of
instrumental origin.

As our hBi measurements do not yet cover a full rotation
cycle, we are not able to use the phase overlap between con-
secutive periods to constrain the value of the period, contrary to
what we did for the mean longitudinal field. However, these mea-
surements provide the following useful indication. For values
of the rotation period comprised between 10 300 and 10 900 d
(i.e. the uncertainty range set from the longitudinal field anal-
ysis), the hBi variations can be fitted well by a cosine curve
and its first harmonic. This is quite similar to the behaviour
observed in the vast majority of the Ap stars with resolved mag-
netically split lines. For instance, none of the stars analysed by
Mathys (2017) for which su�cient phase coverage of the hBi
measurements was achieved shows significant deviations from

Fig. 2. Upper panel: mean magnetic field modulus of HD 50169 against
rotation phase. The di↵erent symbols identify the source and/or instru-
mental configuration from which the hBi value was obtained, as fol-
lows: filled circles (dark blue): CAT+CES LC; open circles (steel blue):
CAT+CES SC; filled hexagon (sea green): 3.6 m + CES LC; filled tri-
angle (violet): CFHT+Gecko (all previous from Mathys et al. 1997;
Mathys 2017); five-pointed open stars (orange): 3.6 m+CES VLC; four-
pointed open stars (light green): UT2+UVES; filled pentagons (yel-
low): 3.6 m+HARPS; filled square (salmon): Preston (1971). The long-
dashed line (blue) is the best fit of the observations by a cosine wave and
its first harmonic, see Eq. (6). The short-dashed line (green) corresponds
to the superposition of low-order multipoles discussed in Sect. 4. Lower
panel: di↵erences O � C between the individual hBi measurements and
the best-fit curve, against rotation phase. The dotted lines (blue) corre-
spond to ±1 rms deviation of the observational data about the fit (red
dashed line). The symbols are the same as in the upper panel.

the superposition of a cosine wave and its first harmonic in the
variations of this field moment. By contrast, if we attempt to fit
the variations of the mean magnetic field modulus of HD 50169
with a period significantly outside the range 10 300–10 900 d,
more harmonics become required in order for the fitted curve
to match the observations.

Admittedly, we cannot definitely rule out the possibility of
an unusual structure of the magnetic field of HD 50169, but this
improbable coincidence appears all the less plausible since the
resolved magnetically split components of the Fe ii � 6149.2 line
in this star are particularly sharp and clean, while increased com-
plexity in the geometrical structure of the magnetic field tends to
manifest itself by distortions of the split line components, as was
found in a recent study of HD 18078 (Mathys et al. 2016), for
instance.

As we noted in the introduction, Preston (1971) was the
first to obtain an estimate of the mean magnetic field modulus
of HD 50169: 5.6 kG, derived from consideration of the di↵er-
ential broadening of spectral lines having Zeeman patterns of
di↵erent widths. We retrieved the Julian Date of this observa-
tion from Adelman (1973), as the same spectrum was used for
detailed abundance analysis. The representative point of Preston’s
field determination appears as a salmon-coloured filled square in
Fig. 2.

The uncertainty of this determination is di�cult to assess.
The most meaningful comparison between the field values
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TESS light curve of HD 50169 (Prot=29.5 yr)



Example: Short-period Ap star in TESS CVZ

o 1 year of TESS photometry of the bright Ap star EE Dra
o Double-wave rotational modulation with Prot=1.123 d, 

no evidence of any other variability
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Example: Short-period Ap star in TESS CVZ
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Current status of scvPIC work

o Software for PLATO field visibility
o Input catalogue of ∽500 Ap stars in LOPS2

– Binarity (Gaia)
– Blending (PSF modelling)
– Variability (TESS)

o Final sample of Ap stars for scvPIC 3a,b
– 54 slow rotators
– 173 fast rotators
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Input catalogue of Ap stars in LOPS2
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Current scvPIC 3a,b catalogue


