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ABSTRACT

Context. When crossing the Hertzsprung gap, intermediate-mass stars develop a convective envelope. Fast rotators on the main
sequence, or Ap star descendants, are expected to become magnetic active subgiants during this evolutionary phase.

Aims. We compare the surface magnetic fields and activity indicators of two active, fast rotating red giants with similar masses and
spectral class but different rotation rates — OU And (P, = 24.2 d) and 31 Com (P,, = 6.8 d) — to address the question of the origin
of their magnetism and high activity.

Methods. Observations were carried out with the Narval spectropolarimeter in 2008 and 2013. We used the least-squares deconvolu-
tion (LSD) technique to extract Stokes V and I profiles with high signal-to-noise ratio to detect Zeeman signatures of the magnetic
field of the stars. We then provide Zeeman-Doppler imaging (ZDI), activity indicators monitoring, and a precise estimation of stellar
parameters. We use state-of-the-art stellar evolutionary models, including rotation, to infer the evolutionary status of our giants, as
well as their initial rotation velocity on the main sequence, and we interpret our observational results in the light of the theoretical
Rossby numbers.

Results. The detected magnetic field of OU Andromedae (OU And) is a strong one. Its longitudinal component B, reaches 40 G
and presents an about sinusoidal variation with reversal of the polarity. The magnetic topology of OU And is dominated by large-
scale elements and is mainly poloidal with an important dipole component, as well as a significant toroidal component. The detected
magnetic field of 31 Comae (31 Com) is weaker, with a magnetic map showing a more complex field geometry, and poloidal and
toroidal components of equal contributions. The evolutionary models show that the progenitors of OU And and 31 Com must have
been rotating at velocities that correspond to 30 and 53%, respectively, of their critical rotation velocity on the zero age main sequence.
Both OU And and 31 Com have very similar masses (2.7 and 2.85 M, respectively), and they both lie in the Hertzsprung gap.
Conclusions. OU And appears to be the probable descendant of a magnetic Ap star, and 31 Com the descendant of a relatively fast
rotator on the main sequence. Because of the relatively fast rotation in the Hertzsprung gap and the onset of the development of a

convective envelope, OU And also has a dynamo in operation.

Key words. stars: individual: OU Andromedae — stars: individual: 31 Comae — stars: late-type — stars: magnetic field

1. Introduction

Recent studies report the detection of magnetic fields with
strengths that range from a few tenths to a hundred gauss at the
surface of single red giants of intermediate mass (Konstantinova-
Antova et al. 2014; Auriere et al. 2015). This raises the question
of the origin and evolution of magnetic fields during the stel-
lar evolution. An interesting evolutionary stage is the subgiant
phase. When intermediate mass stars leave the main sequence
and cross the Hertzsprung gap, they develop a convective enve-
lope, and their surface rotation rate decreases as a consequence
of the increase of their radius. In ordinary giant stars, @ — w
dynamo is then favored during the so-called first dredge-up at
the base of the red giant branch, owing to structural changes of
the convective envelope that imply an increase of the convective

* Based on observations obtained at the telescope Bernard Lyot
(TBL) at Observatoire du Pic du Midi, CNRS/INSU and Université de
Toulouse, France.

Article published by EDP Sciences

turnover timescale and a temporary decrease of the Rossby num-
ber (so-called magnetic strip, see Charbonnel et al. 2016; Auriere
et al. 2015); in parallel at that phase, the large-scale fossil mag-
netic field of Ap star descendants has not yet been strongly di-
luted. A number of Hertzsprung gap-crossers are detected in X-
rays as active stars (Gondoin 1999, 2005a; Ayres et al. 1998,
2007). For these stars, magnetic activity is a result of a remnant
of relatively fast rotation, because the convective envelope is not
yet well developed.

An essential point is to distinguish between descendants
of stars hosting strong fossil magnetic fields on the surface
of the main sequence (magnetic Ap stars) and the ones gen-
erating their magnetic field as a result of their evolution dur-
ing the Hertzsprung gap. In this paper we present a study of
the magnetism and activity of two subgiant stars, OU And
and 31 Com, that are very similar in terms of mass, spectral
type, activity properties, evolutionary stage (i.e., they both lie
in the Hertzsprung gap stepping up to the edge of the so-called

AS57, page 1 of 15


http://dx.doi.org/10.1051/0004-6361/201526726
http://www.aanda.org
http://www.edpsciences.org

A&A 591, A57 (2016)

Table 1. Fundamental parameters for OU And and 31 Com.

OU And 31 Com
HD 223460 HD 111812
Parameter Value Reference Value Reference
V, mag 5.86 (D) 4.93 (D)
Distance, pc 129.7;2:(5) 2) 89.11:3 2)
Sp Type G11III 3) GO III 3)
Ter, K 5360 ) 5660 + 42 5)
L,, 10%" erg/s 8203 (6) 6325 (6)
Radius, Ry 9.46 4 8.5 4)
Mass, Mg 2.85 @ 2.75 (@)
Luminosity, L 71.2 @ 73.4 @
logg 2.8 4 2.97 4)
[Fe/H] -0.07 @ 0.00 = 0.08 9
vsini, kms™! 21.5 (8) 67+2 %)
Py, days 24.2 @) 6.8 +£0.006 (®)]
Radial velocity, kms™! -2.47 8) +0.10 £ 0.33 (®)]

References. (1) HIPPARCOS catalogue, ESA (1997); (2) van Leeuwen (2007); (3) Gray et al. (2001); (4) present paper; (5) Strassmeier et al.
(2010); (6) Gondoin (1999); (7) Strassmeier et al. (1999); (8) de Medeiros & Mayor (1999); (9) Heiter et al. (2014).

magnetic strip), and strong X-ray activity, but which have signif-
icantly different rotational rates.

OU And (HD 223460, HR 9024) is a single, G1 III giant
(Gray et al. 2001) with moderate emission in Call H&K line
(Cowley & Bidelman 1979). It is a moderate rotator with vsini ~
21 kms™! for its position in the Herzsprung gap with Teg ~
5360 K and M = 2.85 M, (see Table 1 and Sect. 5.1). The
photometric variability of the star was discovered by Hopkins
et al. (1985) who determined a photometric period 23.25+0.09 d.
Strassmeier & Hall (1988) provided a long-term monitoring of
the brightness of the star and confirmed that the photometric pe-
riod and light curve amplitude undergoes smooth changes. They
estimated a photometric period of 22.6 + 0.09 d. The latest pho-
tomeric data of the star are presented by Strassmeier et al. (1999)
and reveal an uncertain period of 24.2 days and V amplitude of
about 0.01 mag. Amplitude and period changes, as in OU And,
are also observed in other chromospherically active giants and
may indicate cyclic activity like in the Sun. OU And is chro-
mospherically active with X-ray luminosity variations. Series
of highly ionised iron lines, several Lyman lines of hydrogen-
like ions and triplet lines of Helium-like ions in the X-ray re-
gion (Gondoin 2003; Ayres et al. 2007) are observed in its
spectra.

31 Com (HD 111812) is a single GO III, (Gray et al. 2001),
rapidly rotating giant with vsini ~ 67 kms™!, T.g ~ 5660 K and
M = 2.75 M, (Strassmeier et al. 2010, see Table 1 and Sect. 5.1).
The star is a variable with a very low light curve amplitude and
rotational modulation with a period of ~6.8 d. Its light curve
appears to be complex, with period and shape changes and mul-
tiple peaks in the periodogram (Strassmeier et al. 2010). The star
shows chromospheric and coronal activity with Call H&K line
emission, super-rotationally broadened coronal and transition-
region lines, and strong X-ray activity (Gondoin 2005a).

Table 1 summarizes the fundamental parameters for OU And
and 31 Com which we have used in this paper, with their rele-
vant references. The stellar radius is obtained from the Stefan-
Boltzmann law using the adopted values for the stellar effective
temperature and luminosity.
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2. Observations and data processing

Observations were carried out with the Narval spectropolarime-
ter of the 2 m telescope Bernard Lyot at Pic du Midi Observatory,
France, during two consecutive semesters of 2013. 31 Com was
observed in the first semester of 2013 during 10 nights of April
and May, while OU And was observed in the second semester of
2013, during 13 nights in September and October. Additionally,
we used six OU And observations obtained with the same instru-
mental configuration in September 2008. The total exposure time
for each observation of OU And was 40 min with the exception
of the first two observations : on 14 September 2008 it was 4 min
and on 16 September 2008 it was 16 min.The total exposure time
for each observation of 31 Com was ~33.3 min. Detailed infor-
mation for these observations is presented in Tables 2 and 3 for
OU And and 31 Com, respectively. Observational data obtained
in 2013 for OU And were collected during three rotations of the
star, while for 31 Com they were collected in four stellar rota-
tions. In 2013, we obtained relatively good phase coverage for
OU And, with some small phase gaps near phases 0.6 and 0.9.
The observational data set for 31 Com suffers from one large
data -gap, of about 40% of the rotational cycle.

Narval is a twin of ESPaDOnS spectropolarimeter (Donati
et al. 2006a). This consists of a polarimetric unit connected by
optical fibers to a cross—dispersed échelle spectrometer. The in-
strument has high-resolution (R = 4/A1 = 65000) and wave-
length coverage from about 369 to 1048 nm. In the spectropo-
larimetric mode two orthogonally polarized spectra are recorded
in a single exposure over the whole spectral band. We obtained
standard circular-polarization observations that consist of a se-
ries of four sub-exposures, between which the half-wave re-
tarders (Fresnel rhombs) are rotated to change paths (and the
spectra positions on the CCD) of the two orthogonally polarized
light beams. This way the spurious polarization signatures are
reduced. Typically diagnostic null spectra N are also included
in the observational data. In principle, these spectra should not
contain polarization signatures and serve to ensure the absence
of any spurious signal in the Stokes V spectra.

The data were reduced using the Libre ESpRIT (Donati et al.
1997) software for automatic spectra extraction. The software
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Table 2. Spectropolarimetric observations, activity indicators, and B; measurements for OU And in 2008 and 2013 (see Sect. 3).

Date HID Phases S/N S-index Ha Ca IRT B, o

2450000 + index index (G) (G)
14 Sep. 2008 4724.46 0.74 11566 0.492  0.3338 0.873 -28.0 55
16 Sep. 2008 4726.52 0.83 11437 0.469  0.3183  0.856 -24.8 3.2
19 Sep. 2008 4729.57 0.95 36567 0.498  0.3391  0.869 -103 1.7
21 Sep. 2008 4731.41 0.03 23403 0.515 0.3499 0.878 +56 2.7
25 Sep. 2008 4735.43 0.20 37585 0.517 0.3421 0.879 +30.0 1.7
29 Sep. 2008 4739.52 0.36 42200 0.515 0.3434  0.870 +409 1.5
02 Sep. 2013 6538.57 0.71 39601 0.525 0.3366  0.887 +36.1 1.6
08 Sep. 2013 6544.52 0.95 34881 0.483 0.3269 0.864 +33.0 1.8
10 Sep. 2013 6546.50 0.03 39508 0.504 0.3335 0.870 +20.6 1.6
15 Sep. 2013 6551.54 0.24 40125 0.496  0.3422  0.866 247 1.6
17 Sep. 2013 6553.52 0.32 31367 0.521 0.3515 0.887 3450 2.1
19 Sep. 2013 6555.51 0.41 38155 0.494  0.3395 0.874 -195 1.7
21 Sep. 2013 6557.50 0.49 40193 0.496  0.3397 0.876 -2.9 1.6
23 Sep. 2013 6559.49 0.57 42731 0.484  0.3322 0.873 +17.1 1.5
06 Oct. 2013 6572.47 0.11 29819 0.473  0.3357 0.868 -5.0 2.1
08 Oct. 2013 6574.46 0.19 40784 0.484 0.3652 0.854 246 1.5
11 Oct. 2013 6577.57 0.32 37216 0.482 0.3421  0.862 =277 1.7
13 Oct. 2013 6579.57 0.40 21087 0.485 0.3595 0.866 -18.6 3.0
31 Oct. 2013 6597.38 0.14 29209 0.534 0.3466 0.887 -145.0 22

Notes. For ephemeris computation HIDy = 2454101.5 and rotational period of 2492 were used. Presented S/N is for LSD Stokes V profiles.
Scaling parameters (line depth, wavelength, and landé factor) are equal to 0.530, 562 nm, and 1.29, respectively.

Table 3. Spectropolarimetric observations, activity indicators and B; measurements for 31 Com in 2013.

Date HID Phases S/N S-index Ha Ca IRT B o

2450 000 + index index G (G
20 Apr. 2013 6403.597 0.54 48735 0.372  0.2702 0910 52 4.1
21 Apr. 2013 6404.599 0.69 39671 0.401  0.3011 0918 39 51
22 Apr. 2013 6405.537 0.83 56620 0.419 0.3130 0.924 32 36
23 Apr. 2013 6406.564 0.98 49814 0.420 0.3118 0918 -6.8 4.1
24 Apr. 2013 6407.569 0.13 50150 0.423  0.3159 0.923 9.5 4.0
04 May 2013 6417.420 0.58 57643 0.389 0.2977 0903 -99 35
05 May 2013 6418.414 0.72 55198 0.399  0.3172  0.906 33 37
12 May 2013 6425.390 0.75 59246 0.397  0.3158  0.907 23 34
13 May 2013 6426.410 0.90 59632 0.399 0.3112  0.905 03 34
14 May 2013 6427.433 0.05 58354 0.401 0.3035 0908 27 3.5

Notes. For ephemeris computation HIDy = 2454 101.5 and a rotational period of 698 were used. The presented S /N is for LSD Stokes V profiles.
Scaling parameters (line depth, wavelength, and landé factor) are equal to 0.530, 562 nm, and 1.29, respectively.

includes wavelength calibration, heliocentric frame correction,
and continuum normalization. Afterwards, a data reduction ex-
tracted spectra are recorded in an ASCII file and they consist of
the normalized Stokes I (I/1.) and Stokes V (V/I.) intensities
and the Stokes V uncertainty, o, as a function of wavelength,
(where I, represents the continuum level).

The least-squares deconvolution method, (here and after —
LSD, Donati et al. 1997) was applied to all of the observa-
tions to perform extraction of the mean Stokes V and Stokes /
photospheric profiles. This is a multi-line analysis method and
assumes that all the spectral lines have the same profile, scaled
by a certain factor and that the observed spectrum can be repre-
sented as a convolution of single mean line profile with the so-
called line mask. In the case of cool stars, this technique usually
averages several thousand spectral lines and thus significantly
increases the signal-to-noise ratio (S/N) in the mean line profile.
The line mask was computed by the use of spectral synthesis

based on the Kurucz (1993) models, and represented theoretical
spectrum of unbroadened spectral lines with appropriate wave-
length, depth, and Lande factor, Donati et al. (1997). For the
present observations, we used a digital mask calculated for an
effective temperature of 5750 K and logg = 3.5 and with about
8900 spectral lines for both stars. We used the atomic transi-
tion data provided by the VALD database, Kupka et al. (2000).
Owing to the LSD technique the S/N in the Stokes V profiles for
both stars was increased by about 40 times. This is presented in
the last column of Tables 2 and 3.

3. Magnetic field detection and strength. Activity
indicators behavior

The output of the LSD procedure contains the mean Stokes V
and /, the diagnostic null (V) profile, as well as a statistical test
for the detection of Zeeman signatures in Stokes V profiles. The
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Fig. 1. B;, S-index, Ha, and Ca1l IR triplet indexes behavior for OU And (left) and 31 Com (right). For both stars, phases are computed for
ephemeris HID, = 2454 101.5 and the rotational period of 24.2 d for OU And and 6.8 d for 31 Com.

test is performed inside and outside spectral lines and estimates
the magnetic field detection probabilities, as described by Donati
et al. (1992, 1997). The “definite detection” is assumed if the
probability for signal detection in the spectral line is greater than
99.999%, “marginal detection” — if it falls in the range 99.9%
and 99.999%, and no detection otherwise. We examine the sig-
nal in the N profile and also outside the spectral line and for a
reliable detection the one without a signal in the latter two is ac-
cepted. Mean surface-averaged longitudinal magnetic field (By,
G) was computed by the use of the first order moment method
(Rees & Semel 1979), adapted to LSD profiles (Donati et al.
1997; Wade et al. 2000).

The activity of the stars were also examined using traditional
spectral activity indicators, Call H&K, S-index, He, and Ca IR
triplet indexes, Marsden et al. (2014). We calculated the S-index
as it is defined for the Mount Wilson survey (Duncan et al. 1991)
and our computational procedure was calibrated for Narval spec-
tra, see Auriere et al. (2015). The Ha and Ca1r IR triplet in-
dexes are introduced by Gizis et al. (2002) for the Palomar
Nearby Spectroscopic Survey and by Petit et al. (2013) for the
Betelgeuse cool supergiant, respectively. In this study, we used
a slightly modified Ha index with the continuum taken slightly
farther from the line center to avoid the influence of broadening
that is due to the active chromosphere and fast rotation.

Observational results for detected magnetic field and for
the activity indicators are presented in Tables 2 and 3, as well
as in Fig. 1. The tables columns are: Date of observation,
HID, rotational phases, S/N in LSD Stokes V profile, S-index,
Hea index, Call IR index, B, and the corresponding accuracy
in G. Rotational phases are computed for ephemeris HIDy =
2454 101.5 and rotational period of 24.2 d for OU And and 6.8 d
for 31 Com. Preferred choice for the rotational period of OU And
is discussed in Sect. 4.2.
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Figure 1 represents B, S-index, He, and Call IR triplet in-
dexes for OU And (in 2013) on the left panel and for 31 Com on
the right panel. Activity indicators and B; plots for OU And in
2008 are presented in Fig. 6. Rotational phases are computed the
same way as for Fig. 1. For OU And, the error bars on the plots
are of about the same size as the plot symbol and they are not vis-
ible. We have definite magnetic field detection for all the spectra,
except for one of 31 Com, which was obtained on the 20 April
2013 with a marginal detection. OU And data reveal a strong
Zeeman signature in the Stokes V profile with a structure that has
several peaks, while for 31 Com we have got relatively weaker
signatures, with strong noise contribution and a much more com-
plex structure.

For OU And, the longitudinal magnetic field, B;, shows a
very good rotational modulation and we have well-sampled data
at the minimum B;. The maximal values of B; are not well cov-
ered with data. We observe anticorrelation between the B; and
Ha index. There is also a good correlation between the two
Calcium indexes, which indicates that the measurements really
concern the Call contribution. There is some scatter between
the different rotations for the activity indicators, although not
for the magnetic field. For most activity proxies, some scatter is
observed between successive rotation cycles. The measurements
obtained at different stellar rotations agree much better for the
longitudinal magnetic field.

For 31 Com we see clear B; minimum and a smooth varia-
tion with rotation. However, because the longitudinal field es-
timates result from an integration over the full width of the
line profile, they do not therefore capture the full complexity
of the Stokes V profile, and hence the magnetic structure. The
indexes show a good correlation, but we have a large data gap
between phases 0.2 and 0.5. The S-index and CalI IR triplet in-
dex show a decrease in the third rotation. The B; measurement
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on 20 April 2013 is excluded because of the marginal magnetic
field detection.

4. Magnetic mapping

The temporal series of observations gathered for both stars of-
fer the opportunity to obtain polarized measurements at various
rotational phases. Using this multi-angle view of the stellar pho-
tosphere, tomographic methods can be used to model the surface
magnetic geometry of the targets.

4.1. Zeeman-Doppler imaging

The tomographic algorithm employed here is based on the
Zeeman-Doppler imaging (ZDI) method proposed by Semel
(1989). More specifically, we use the maximum-entropy
ZDI code described by Donati et al. (2006b). The ZDI princi-
ple makes use of the fact that the Doppler broadening of the po-
larized profiles results in a 1D resolution of the stellar surface
(orthogonally to the rotation axis), as magnetic spots located at
different places on the visible stellar hemisphere possess differ-
ent radial velocities and, therefore, produce polarized spectral
signatures showing up with a different wavelength shift with re-
spect to the line center. The succession of observations gathered
at different rotational phases is then used to recover the full sur-
face distribution of the local magnetic vector, by iterative adjust-
ment of the time-series of LSD profiles.

The synthetic LSD profiles produced by ZDI rely on a sim-
plified atmospheric model, based on a spherical artificial star
split into a grid of pixels of roughly identical areas. Each pixel is
attributed a brightness that we assume to be constant over stellar
surface (but affected by limb darkening), and the elemental areas
host a magnetic field with a given strength and orientation. Each
pixel produces Stokes I and V spectral lines, computed under
the weak-field approximation (which remains valid up to a few
kG, Kochukhov et al. 2010). In the weak-field regime, the local
Stokes I spectral line is unaffected by the magnetic field and we
crudely assume here that the line profile possesses a Gaussian
shape. The Stokes V line profile is proportional to the derivative
of the Stokes I profile and to the line-of-sight projection of the
local magnetic vector magnetic field. It is also proportional to
the effective Landé factor of the LSD pseudo-line profile and to
the square of its effective wavelength.

The present implementation of this method includes the pro-
jection of the magnetic field onto a spherical harmonics frame.
Compared to earlier studies based on a stellar surface divided in
a grid of independent pixels, the spherical harmonics frame has
the main advantage to offer an easy splitting of the field into its
poloidal and toroidal components (Donati et al. 2006b), provid-
ing us with a practical separation of these two important surface
outputs of stellar dynamos. The other advantage of employing
spherical harmonics is the better behavior of the code for low-
degree magnetic geometries (Donati 2001), while older versions
of the code were reported to perform poor reconstructions of
simple magnetic configurations (e.g. inclined dipoles, Donati
& Brown 1997).

4.2. Magnetic mapping of OU And

The 13 rotational phases collected for OU And in 2013 provide
us with a good basis to calculate a ZDI model, in spite of a
paucity of observations between phase 0.7 and 0.95. Another as-
set of the data set is its low noise level (relative to the amplitude

of the polarized signal). Using vsin(i) = 21.5 kms™', i = 50°,
P« = 24.2 d, and using all spherical harmonics modes with
€ < Clmax = 20, the ZDI procedure leads to a reduced Xz
(hereafter x?) of 3, showing that the accuracy of data fitting
remains significantly worse than the noise level. The compar-
ison of observed versus synthetic Stokes V profiles illustrated
in Fig. 2 clearly shows that some rotational phases give reason-
ably well reproduced polarized profiles (e.g. phase 0.951), while
other modeled Stokes V signatures display a significant depar-
ture from their observational counterpart (e.g. the last observa-
tion, at phase 3.135).

A first possible reason for our difficulty in fitting the data
may be the use of a wrong rotation period to compute the rota-
tional phases of our time-series. Here, we adopted the photomet-
ric period of 24.2 d reported by Strassmeier et al. (1999), and
a naked-eye estimate is enough to see that this value is consis-
tent with the variability of the Stokes V LSD profiles, consid-
ering the similar shape of polarized profiles obtained at nearby
phases, one rotation cycle apart (e.g. phases 1.32 and 2.32). To
refine the period value, we ran a period search by performing a
number of ZDI models with all input parameters left unchanged,
except the rotation period that we vary from 15 to 30 d. Using
the maximum entropy principle, the most likely model among
this grid is the one that minimizes the average field strength of
the map at a fixed y?, where we use the average surface field as
a proxy of the information content of the map. Equivalently, the
best model is also the one that minimizes the y? at a fixed infor-
mation content. By doing so, we strictly reproduce the approach
successfully adopted by Auriere et al. (2011) or Tsvetkova et al.
(2013) for other active giants. For OU And, the optimal period
found with this strategy using data from 2013 is very close to the
one proposed by Strassmeier, with a ZDI value of 24.13 d, giving
further confirmation of the robustness of the period choice. If we
use this slightly modified period to reconstruct a new map, we
actually find a marginal improvement of the model compared to
our initial one, and no noticeable change in the field distribution
obtained as an output. We then repeated this test after combining
our data from 2008 and 2013 in a single time-series, to estimate
the benefit of a larger timespan. The main outcome of this sec-
ond test is very degraded y? value (as high as 17) implying that,
over such longer period of time, pure rotational modulation is not
the only contributor to the variability of Stokes V. This time, we
are not able to identify a clear minimum, presumably because of
the poor quality of the ZDI models. We therefore use the 24.2 d
period in the rest of our work, since it was determined using pho-
tometric data with a larger span of time than our observations.

We also reconstructed a number of ZDI maps based on dif-
ferent values of the inclination angle, which highlighted a best
fit for i = 50°. This inclination value is somewhat at odds with
the independent estimate that can be obtained by combining the
values of the stellar radius, vsini and rotation period, pointing
towards an inclination angle close to 90°. In previous ZDI stud-
ies of active giants, this approach was able to provide us with
a value for the inclination that was consistent with other stellar
parameters (Auriere et al. 2011; Tsvetkova et al. 2013). The ori-
gin of the discrepancy obtained for OU And is unclear. We note
however that a ZDI reconstruction with i greater than 75° results
in a very high y? value, suggesting that an equator-on configu-
ration is very unlikely. We therefore adopt i = 50° in all ZDI
models discussed hereafter.

Another possible origin of the mismatch between observa-
tions and synthetic profiles is the duration of the observing run,
which contains data collected over nearly 2 months. This time-
span may be long enough to allow for a temporal evolution of
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the field geometry and therefore break the basic assumption of
ZDI that rotation alone is responsible for Stokes V variability.
Temporal changes are actually observed in both Stokes I and
V line profiles observed at nearby rotational phases, but at least
one rotation cycle apart from each other. A good illustration
comes from data obtained at phases 1.405 and 2.400 (Fig. 4),
for which Stokes V profiles display a roughly similar shape, but
with a slightly larger amplitude in the most recent observation.
The situation is more critical for Stokes 7, for which the positive
bump seen in the blue side of the LSD profile core in September
is no more observed one month later and is replaced by a similar
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bump in the red side of the line core. This evolution, which is ap-
parently taking place faster in brightness inhomogeneities than
in polarized signatures, resulted in convergence problems in an
attempt to reconstruct a Doppler map (not shown here) from our
set of Stokes I LSD profiles.

Specific types of surface changes can be taken into account
in the inversion procedure, as long as they are systematic. This is
the case, for instance, for latitudinal differential rotation that can
be taken care of in the inversion procedure using a simple latitu-
dinal dependence of the surface shear (Petit et al. 2002). In spite
of a reasonably dense rotational sampling, our ZDI model, which
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incorporates differential rotation, does not highlight a unique set
of differential rotation parameters to be able to further optimize
the magnetic model. This may be due to the fact that the very
subtle changes in Stokes V generated by differential rotation are
easily dominated by other types of variability of the surface mag-
netic geometry, in particular the emergence and decay of mag-
netic patches. Table 4 (middle lines) gives the parameters for the
magnetic models obtained for OU And in 2013 with the same
parameters as used for Fig. 3, with £,x = 10 and £, = 20.
The reconstruction of ZDI models with different £, values is
meant to help in the comparison of magnetic maps of stars af-
fected by a very different v sin(i), which leads to a very different
spatial resolution of the stellar surface through tomographic in-
version (e.g. Morin et al. 2010). While €,,.x = 20 is necessary for
capturing the complexity of the Stokes V signatures of 31 Com
in our model, ¢;,,x = 10 is actually enough at the lower v sin(i)
of OU And. In this context, the apparently more complex field

geometry of 31 Com is, at least partially, due to the better surface
resolution through ZDI. Reconstructing a ZDI model of 31 Com
limited to £max = 10 is therefore a way to impose a low-pass spa-
tial filtering that will compensate for this effect (at the cost of a
higher x?). Figure 3 (left) illustrates the magnetic map obtained
for €max = 20. The magnetic field topology is mainly poloidal
(64% of the total magnetic energy) and the poloidal component
is mainly dipolar (58% of the magnetic energy in the poloidal
component). Figure 4 clearly shows that the map is dominated
by large-scale features, although the rather high v sin(i) would
enable smaller structures to be mapped. In particular, the posi-
tive pole of the magnetic dipole dominates the radial component,
when a toroidal component of negative polarity appears clearly
in the azimuthal component.

A second spectropolarimetric data set was previously ob-
tained in 2008. This time series covers only 15 nights, so that
about one third of the stellar rotation remains uncovered at
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this epoch. Only six rotation phases are available at that time
for a total of nine spectra, four observations being gathered on
September 16. Polarized signatures are detected in all LSD pro-
files, and this material was used to reconstruct a second magnetic
map of OU And (based on the rotation period of 24.2 d), which
was derived from our observations in 2013, since the phase cov-
erage is not dense enough to permit an independent period search
from the 2008 data alone.

The magnetic model extracted from 2008 data is presented in
the lower panel of Fig. 5. The values of input ZDI parameters are
identical for 2008 and 2013. The x? value for this new map re-
construction is equal to 0.9. Magnetic quantities extracted from
the new map (Table 4) show that the average field strength over
stellar surface is slightly weaker than in 2013, the same being
observed for the maximal field strength. The sparse phase cover-
age available in 2008 may be (at least partially) responsible for
this limited difference. Other general characteristics of the field
geometry are remarkably similar at both epochs, with a simple
field structure dominated by a dipole.

To perform a more systematic comparison of the magnetic
maps obtained five years apart, we cross-correlated every latitu-
dinal band of the two maps following, for example, Petit et al.
(2010), for each field component separately, which resulted in
the three cross-correlation maps illustrated in Fig. 7. Using this
approach, we highlight a strong correlation of both maps at all
latitudes, provided that a =0.5 phase shift is applied. This cor-
relation is easily visible by comparing the 2008 and 2013 maps
with the naked eye, noticing that the maximal radial field value
is observed at around phase 0.65 in 2008, and 0.15 in 2013. The
lack of observations between 2008 and 2013 is obviously too
large to decide whether this overall similarity is due to a global
stability of the field geometry over this timespan, in which case
the 0.5 phase shift between both maps would be compatible with
our relatively large uncertainty on the stellar rotation period.

4.3. Magnetic mapping of 31 Com

According to the 6.8 d rotation period proposed by Strassmeier
et al. (2010), the time series available for 31 Com is affected by
a large phase gap, which spans about 40% of the rotation cycle,
between phases 0.13 and 0.54. Given the relatively high incli-
nation angle of the stellar spin axis (of the order of 80° when
the rotation period, vsin(7) and radius are considered together,
in the solid-body rotation hypothesis), this sparse phase cover-
age implies that a significant fraction of the theoretically acces-
sible stellar surface remains completely unobserved for phases
inside the gap and stellar latitudes below 80°. In spite of this well
identified limitation, we decide to use our ten observations to re-
construct the large-scale magnetic geometry of its photosphere
through ZDI.

For this we use vsin(i)) = 67 kms™! and i = 80°. Because
of the relatively high vsin(i) value, we use a model with more
spherical harmonics {,x = 20, to take full advantage of the
higher spatial resolution offered by a larger projected rotational
velocity. We also compute a ZDI model restricted to €. = 10,
to ease the comparison with our ZDI model of OU And. A set
of ZDI models was computed for various values of the rotation
period (between 2 d and 10 d), but the outcome does not re-
veal a preferred rotation period, presumably because of the poor
phase coverage. A systematic search for latitudinal differential
rotation was similarly unsuccessful. We therefore keep the pe-
riod of Strassmeier et al. (2010) to compute the rotation phases,
and assume solid-body rotation in the ZDI procedure.
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Table 4. Magnetic parameters.

Star Cmax  Bmean Bmax pol.en. Dipole Quad. oct. axi.
(G) (G) (%tot) (%pol) (%pol) (%pol) (% tot)
OU And (2008) 20 57 235 82 56 14 10 40
OU And (2008) 10 57 234 82 57 14 10 40
OU And (2013) 20 68 392 64 58 10 8 34
OU And (2013) 10 68 383 64 58 10 9 34
31 Com 20 32 155 56 9 15 7 25
31 Com 10 30 143 58 11 18 8 28

Notes. Magnetic quantities derived from the set of magnetic maps. For every map, we list the maximal ¢ value of the spherical harmonics
projection ({max), the mean unsigned magnetic field (Bpean), and the maximal field strength over stellar surface (Bpax). We then give the fraction
of the large-scale magnetic energy reconstructed in the poloidal field component and the fraction of the poloidal magnetic energy in the dipolar
(¢ = 1), quadrupolar (¢ = 2) and octopolar (¢ = 3) components, as well as the fraction of the magnetic energy in the axisymmetric field component

(m = 0).
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Fig. 6. B;, S-index, Ha, Ca1l IR triplet indexes behavior for observa-
tions of OU And gathered in 2008. The plots follow the same definitions
as in Fig. 1.

The magnetic map resulting from the tomographic procedure
with £, = 20 is illustrated in Fig. 3 (right), while the fit to the
observed Stokes V profiles is shown in Fig. 2. Magnetic quan-
tities extracted from the maps are listed in Table 4. We achieve
here x? = 1.2, showing that our model is able to reproduce the
set of observational data close to the level of photon noise. The
surface map displays a complex field geometry, with a majority
(69%) of the poloidal magnetic energy stored in spherical har-
monics modes with £ > 3. The surface magnetic energy is also
equally distributed between the poloidal and toroidal field com-
ponents. Owing to the high inclination angle, a majority of both
stellar hemispheres can be observed. The apparent symmetry of
the reconstructed magnetic geometry about the equator actually
illustrates the difficulty of the tomographic code to distinguish
between the hemispheres in this specific geometrical configura-
tion. As expected with our sparse phase coverage, we note an
absence of reconstructed magnetic regions between phase 0.2
and 0.5, owing to the lack of observational constraints at these
phases. A likely consequence of this situation is that the aver-
age field strength reported in Table 4 may be underestimated by
about 30%, because a large phase gap is hiding a significant frac-
tion of the stellar surface and the maximum entropy reconstruc-
tion will force a null magnetic field in this unseen region.

Contrary to OU And for which maps with ¢;,,x = 10 and
€max = 20 can barely be distinguished (as illustrated by the num-
bers reported in Table 4), limiting the spherical harmonics ex-
pansion to £y = 10 in our model of 31 Comae induces measur-
able modifications in the magnetic geometry. In particular, we
observe that the surface smoothing imposed through €;,.x = 10
reduces the maximal field strength by about 7%, and increases
by about 20% the amount of the magnetic energy reconstructed
in modes with £ < 4.

5. Evolutionary status
5.1. Stellar parameters

For OU And, T.x = 5850 K is inferred by Wright et al. (2003)
from its spectral type. Gondoin (2003, 2005b) uses a cooler
temperature (5110 K) but do not indicate how it was obtained.
We then made our own determination of atmospheric parame-
ters, as presented in Table 1, and used derived values in this
work as well as in Auriere et al. (2015). We determined pa-
rameters of OU And, such as effective temperature (T.f), sur-
face gravity (logg), microturbulence (£), and metallicity using
the local thermodynamic equilibrium (LTE) model atmospheres
of Kurucz (1993) and the current version of the spectral analy-
sis code MOOG (Sneden 1973). We measured equivalent widths
(EW) of 76 Fel and 6 FeTI lines in the spectrum obtained on
September 25, 2008. The log g f values were taken from Lambert
et al. (1996). The solution of the excitation equilibrium used to
derive the effective temperature (7.) was defined by a zero slope
of the trend between the iron abundance derived from FeT lines
and the excitation potential of the measured lines. The micro-
turbulent velocity (&) was found by constraining the abundance,
determined from individual Fe I lines, to show no dependence on
EW,/A. The value of log g was determined by means of the ion-
ization balance assuming LTE. We then found T = 5360 K and
logg = 2.80. Typical uncertainty in Ter and logg are +120 K
and +0.2, respectively.

Using the above values for T.g, logg, and luminosity, the
radius of the star is estimated to be R = 9.46 R, assuming the
bolometrical correction BC = —0.16 (Alonso et al. 1999) and
the reddening Ay = 0.09. The photometric period of OU And
varies in different observational epochs. For magnetic field map-
ping, we adopted the value of 24.2 d that is close to the best fit
of the ZDI models for 2008 and 2013 data, which was treated
separately.
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31 Comae is a member of the open cluster Mellote 111, also
known as Coma Berenices Cluster (Casewell et al. 2006) and
we may assume the metalicity and reddening follow those of the
cluster. Mellote 111 has solar metalicity [Fe/H] = 0.00 + 0.08
(Heiter et al. 2014) and its age is about 560 + 90 Myr (Silaj &
Landstreet 2014). Interstellar reddening in the direction of the
Mellote 111 is E(B— V) = 0.00 (Robichon et al. 1999). Because
of the very fast rotation of 31 Com, the lines in its spectrum are
wide and blended and it is impossible to determine atmospheric
parameters of this star in the same way as we did for OU And,
measuring EWs of individual FeI and FeII lines. For this reason
we calculated a grid of synthetic spectra in a wide range of ef-
fective temperatures (Teg) in the spectral region 6080—6180 A,
which contains lines of neutral elements with different excitation
potentials and lines of FeII, which are sensitive to surface grav-
ity. Synthetic spectra calculated with T from 5550 K to 5700 K
fit well the observed spectrum and it is difficult to obtain T with
higher precision. Additionally, photospheric spots and active re-
gions contribute to the strengthening or weakening of the lines of
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Table 5. Photometric calibrations of the effective temperature of
31 Com.

Colour Ter, K References
(B-V) 0.67 5521 (1), (2)
(J-Ks) 0369 5682 (1), 3)
(B-V) 0.67 5562 @), (2)
b-y) 0.435 5536 @), (5
(J-H) 0.30 5644 @), (2)
(J-K) 0.37 5601 @), (2)
(R-1 0.35 5558 @), (2)

References. (1) Gonzalez Hernandez & Bonifacio (2009); (2) Ducati
(2002); (3) Skrutskie et al. (2006); (4) Alonso et al. (1999); (5) Hauck
& Mermilliod (1998).

different elements. To derive the T.g value with higher precision,
we used also photometric calibrations (see Table 5).

We also found the following estimations of the effective tem-
perature of 31 Com in the literature: 5689 K (Katz et al. 2011),
5747 K (Blackwell & Lynas-Gray 1998), 5761 K (Houdashelt
et al. 2000), 5623 K (Massarotti 2008), and 5660 K (Strassmeier
et al. 2010). Further in the paper we will use this latter value
of the effective temperature (T.g = 5660 K), which we also
used in Auriere et al. (2015). For radial velocity, rotation period,
and vsin(i), we adopted the values derived by Strassmeier et al.
(2010). We calculated the luminosity L = 73.4 L and stellar ra-
dius of R = 8.5 Ry using BC = —0.114 (Alonso et al. 1999) and
E(B - V) = 0.00. Stellar mass M = 2.75 M, and surface grav-
ity logg = 2.97 are based on the evolutionary tracks discussed
in the next section. Higher value of logg = 3.51 for 31 Comae,
as suggested by Strassmeier et al. (2010), does not match our
evolutionary models.

5.2. Evolutionary status, mass, and rotation

The positions of OU And and 31 Com on the HR diagram are
shown in Fig. 8. The values we use for the stellar effective tem-
peratures are shown in Table 1 and section Sect. 5.1. Luminosity
values are computed using the stellar parallaxes from the New
Reduction HIPPARCOS catalogues by van Leeuwen (2007),
the V magnitudes from the 1997 HIPPARCOS catalogue (ESA
1997), and applying the bolometric correction relation of Flower
(1996).

The evolution tracks shown in Fig. 8 are for rotating mod-
els computed for solar metallicity with the code STAREVOL
with the same input physics and assumptions as in Lagarde et al.
(2012). For the 2.5 and 3.0 My models, the initial rotation ve-
locity on the zero age main sequence Vs corresponds to 30%
of the critical velocity at that stage (Lagarde et al. 2014). For the
present paper, we computed models of 2.7 and 2.85 M, suited to
31 Com and OU And, respectively, with different V,,ns to infer
the initial rotation velocities of OU And and 31 Com. No mag-
netic braking is applied, and the rotation velocity of the models
evolves mainly owing to structural changes of the star (in partic-
ular changes of stellar radius).

It is clear that both stars are in the Hertzsprung gap and have
very similar masses of the order of ~2.7 and 2.85 M, for 31 Com
and OU And, respectively, as already discussed in Auriere et al.
(2015). Initial rotation velocities of 235 and 131 kms™!, which
correspond respectively to 53 and 30% of the critical velocity
on the ZAMS, are inferred to reproduce the present day rotation
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spectively) on the Hertzsprung-Russell diagram (HRD) diagram. Solar
metallicity tracks of evolution models with different masses (indicated
on the plot, in solar mass) are shown. The dashed black line delimits the
beginning of the first dredge-up phase and corresponds with the evo-
lution points when the mass of the convective envelope of the models
encompasses 2.5% of the total stellar mass. The loops on the evolu-
tionary tracks in the right part of the HRD (effective temperature below
~5000 K) correspond to the central helium-burning phase.

velocities and periods of 31 Com and OU And, respectively, as
shown in Fig. 9.

6. Discussion: origin of the magnetic field
and activity of OU And and 31 Com

Figure 10 shows the evolution of the theoretical Rossby number
for the 2.7 and 2.85 My models that fit the present-day rota-
tion of 31 Comae and OU And (Sect. 5.2). Ro is defined as the
ratio between the rotational period and the convective turnover
timescale, Py /7., and these quantities come directly from the
stellar evolution computations. For each stellar mass we show
cases when the Rossby number is computed using the turnover
timescale at half a pressure scale height above the base of the
convective envelope and at its maximum value within the con-
vective envelope (full and dotted lines, respectively).

We see that the theoretical Rossby number decreases towards
lower effective temperatures, owing to the fast increase of the
convective turnover timescale as the convective envelope deep-
ens in mass during the first dredge-up in the so-called magnetic
strip (Charbonnel et al., in prep.).

Figure 10 shows that both stars have rather small Rossby
number reaching about 0.5 at maximum value for 7 o,y. This
suggests that a dynamo-driven magnetic field could therefore
be at work, which would be the origin of the large activity of
these stars. However, these stars have significantly different ro-
tation periods and magnetic field strengths. Better understanding
of the magnetic activity of both stars gives the comparison of
the magnetic field strength with the semi-emperical Ry defined
as the ratio between the observed P, and the maximum value
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Fig. 9. Evolution of the surface rotation velocity (upper plot, in kms™")
and period (lower plot, in days) of the 2.7 and 2.85 M, dedicated models
for 31 Com and OU And (circle and square, respectively), compared
with the observational data.

of the convective turnover timescale within the convective enve-
lope. For OU And, the semi-emperical Rg is 0.68 (Auriere et al.
2015), and it fits with our theoretical predictions. For 31 Comae
itis 0.12, (Auriere et al. 2015), and it is about two times greater
than our theoretical predictions. The faster rotator, 31 Com
(Pt = 6.8 d) has magnetic field properties that are consistent
with an @ —w dynamo-driven magnetic field (Auriere et al. 2015)
and the magnetic map obtained in Sect. 4.3 is consistent with this
hypothesis.

On the other hand, though OU And appears with a rather
fast rotation period of 24.2 days, it is a deviating object on sev-
eral plots presented in the study of Auriere et al. (2015), which
led these authors to suppose that OU And is the probable de-
scendant of a magnetic Ap star on the main sequence. Our ZDI
study supports arguments to this hypothesis: its magnetic topol-
ogy is mainly poloidal (82% of the magnetic energy in 2008)
and the poloidal component is dominated by a dipole; further-
more, this topology appears to be quite stable. Figure 4 (right
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convective envelope. The rectangles correspond to the expected posi-
tion of 31 Com and OU And, taking into account uncertainties in their
effective temperatures.

panel) illustrates the stability of the magnetic field from one ro-
tation to the next one. A comparison of the maps obtained in
2008 (lower panel of Fig. 5) and in 2013 (left panel of Fig. 3)
and the magnetic field parameters presented in Table 4 show
that the magnetic topology is remarkably similar five years apart.
Figure 11 also supports this statement and demonstrates that the
2008 B, data, shifted with by half a cycle, overlap the rotational
modulation of B; in 2013. This might be an indication that the
0.5-cycle shift could be attributed to the precision of the period
determination. However Table 4 shows that when the magnetic
field strength increases between 2008 and 2013, the percentage
strength of the poloidal component decreases from 82% to 64%,
which corresponds to a correlated increase in the toroidal com-
ponent. At the same time, the dipole contribution of the poloidal
component remains the same. This indicates that the magnetic
strength variation is mainly due to the toroidal component (prob-
ably of rotational dynamo origin), when the dipolar component
(presumed to be of fossil origin) — remains about constant. This
is consistent with our analysis that magnetic field of OU And
is due to the interplay between convection and the remnant of
the fossil field of an Ap star. Following the approach of Stepien
(1993), with the assumption of magnetic flux conservation and
a radius increase with stellar evolution to the red-giant branch
(RGB), we can infer the dipole strength of a possible Ap star
progenitor of OU And. Having a radius on the Main Sequence
(MS) of 2.2 Ry, obtained by the proposed evolutionary model
and the mean and maximum poloidal component of the mag-
netic field strength in 2013 (Table 4), we find the initial values
for magnetic dipole strength on the main sequence of the HRD
of about 800 to 4600 G, respectively, consistent with values for
Ap stars. The predicted rotation of OU And on the MS, with
vsin(i) of about 100 kms™! (assuming i = 50°), is faster than the
mean for Ap stars but is still consistent with the Ap star status.
Very few Ap stars are known to have fast rotation (v sin(i) over
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100 kms~1), but this type of small sample does exist, according
to Wraight et al. (2012).

Direct comparison of the properties of OU And and 31 Com
emphasizes the differences that were listed just above. Both stars
have about the same mass, about the same evolutionary state,
and the same order of high level X-ray activity. Though 31 Com
rotates three times faster than OU And, the magnetic strength
of OU And is twice that of 31 Com. Figures 2 and 3 clearly
show the difference in magnetic topology: a large scale domi-
nant structure for OU And, a smaller scale dominant structure
for 31 Com. While the magnetic map of 31 Com can be com-
pared to that of 390 Aur (Konstantinova-Antova et al. 2012), the
outstandingly strong large scale magnetic field of OU And is
reminiscent of the properties observed on EK Eri, which is the
archetype of the descendants of magnetic Ap stars on the main
sequence (Stepien 1993; Strassmeier et al. 1999; Auriere et al.
2008, 2012). We also need to mention that the dynamo mod-
els, suitable for some M dwarfs and capable of producing fields
like the one for OU And, are not effective in this case, because
M dwarfs have huge convective zones or are fully convective
for spectral types that are cooler than M3 (Morin et al. 2010).
On the other hand, in the case of intermediate mass stars in the
Hertzsprung gap, the convective envelope is just beginning to
develop and a possible dynamo mechanism starts to work. If
a toroidal field at the surface of the star is detected, this is a
strong indication of a distributed dynamo (Donati et al. 2003).
A dynamo-generated magnetic field at this evolutionary stage
could be produced in a fast rotator by a dynamo mechanism (the
case of 31 Comae), as well as from the Ap star fossil magnetic
field interacting with relatively fast remnant rotation. Without
a remnant Ap magnetic field, OU And with its rotational rate
should be less active and with a weaker magnetic field than
31 Comae.

7. Conclusions

It is well known that intermediate mass stars on the MS do not
have a convective envelope as well as nor do they have dynamo-
driven surface magnetic fields and winds that carry away angu-
lar momentum and slow down the rotation. A recently published
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paper (Stello et al. 2016) demonstrates that most MS intermedi-
ate mass stars host a strong dynamo in their core, the product of
this dynamo being confined deep in the star and, consequently,
does not show at surface level.

On the other hand, we have studied the case of two evolved
intermediate stars with magnetic activity and, for the first time,
performed the ZDI magnetic mapping of OU And and 31 Com.
Thanks to dedicated evolutionary models, including rotation
(Charbonnel & Lagarde 2010), we can precise the evolutionary
status of these stars in the Hertzsprung gap and the history of
their rotation, which has not been affected by magnetic braking,
neither on the main sequence nor after, hence magnetic braking
plays no role until the star develops a cool star structure.

Observational properties of red giants, i.e., fast rotators with
dynamo magnetic fields are: a Rossby number smaller than
unity, peaks and bumps in the Stokes I profile, a complex struc-
ture in the magnetic map and a significant toroidal compo-
nent of the MF. Depending on the thickness of the convective
envelope and rotational rate in some stars, we also can ob-
serve an azimuthal belt in the magnetic map (e.g., V390 Aur,
Konstantinova-Antova et al. 2012). There is also a dependence
of the magnetic field strength on rotation (Konstantinova-Antova
et al. 2013; Auriere et al. 2015), which is clear evidence of an
a-w dynamo operation.

Both the individual analysis of the magnetic fied and activ-
ity of each star and a direct comparison of their properties show
that they illustrate the evolution of a fast rotator on the one hand
(31 Com), and of a probable Ap star descendant (OU And),
on the other. The origin of the magnetic field at the surface of
31 Com is suspected to be dynamo-driven. The dipolar mag-
netic field component of OU And could be the remnant of of
an Ap star on the main sequence, now interacting with convec-
tion. The toroidal magnetic field component of OU And may be
due to a dynamo as a result of the fast rotation of the star. The
two stars are observed as being still at the beginning of their evo-
lution off the main sequence: the convective envelope of 31 Com
is still rather shallow and the magnetic dipole strength from the
Ap star progenitor of OU And is diluted by about 18 times. In
its present evolutionary state, the magnetic field of OU And is
significantly stronger than that of 31 Com, as it is for for the
Call H&K and Ha lines, too. The two stars are more similar for
their L, and the strength of other activity indicators. In the sam-
ple studied by Auriere et al. (2015), only one star of similar mass
(3 M), ¢ Cap, has such a high rotaional rate with measured Py
(68 d). This is located at the base of the RGB, and it does not de-
viate from the mean relation between rotation and magnetic field
strength observed by Auriere et al. (2015): its magnetic field is
likely to be dynamo-driven and may illustrate the changes of ro-
tational and magnetic field properties expected for 31 Com when
reaching the same evolutionary status. The |Bj|ma.x of ¢ Cap is of
8.3 G, which is about the same as for 31 Com in its present state
in the Hertzsprung gap. This may indicate that, at the evolution-
ary state of ¢ Cap (at the base of the RGB) when the convective
envelope deepens and the convective turnover time increases but
the rotation rate decreases (because of magnetic braking and in-
creased radius) the magnetic field strength produced by the dy-
namo of 31 Comae will remain of the same magnitude. However,
at the same evolutionary stage, using the models presented in
Auriere et al. (2015) and the hypothesis for magnetic flux con-
servation, the magnetic strength of the dipole of OU And only
drops by a factor of 2, and is still significantly stronger than the
magnetic strength of 31 Com. These extrapolations suggest that
the Ap-star descendants, even with moderate magnetic dipoles
like OU And, will remain outstanding objects with respect to the

period/magnetic strength relation up until they begin ascend the
RGB.
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Appendix A: Determining the atmospheric Table A.1. continued.
parameters of OU And
Element A x(@€V) loggf EW (mA)

S B AL AL AL AL NN 5638262 4220 1.905e-01  92.6
sl : % e ] 5691.497 4301 4266e-02  55.6
N S ote e Ner ] 5717.833  4.284  1.050e-01 87.9
2oL 4 ST T 5806.725 4.607 1.25%-01  61.1
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[ N T N T NV T A TN T 6016.660 3.546 2.138e-02  103.4
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L : ] 6151.618 2.176  5.129e-04  70.8
BT T —— 6157.728  4.076  7.762¢-02  81.0

log (EW/A) 6165.360 4.142  3.388e-02  57.1
6170.507 4795  4.168e-01  100.7

Fig. A.1. Abundance of Fel lines versus excitation potential. The cor- 6173.336  2.223 1.318e-03 94.4
rect temperature is indicated by a zero slope in this plot. Bottom: abun- 6187.990 3.943  2.692e-02 61.0
dance of Fel lines versus showing determination of the microturbulent 6200.313  2.605 3.631e-03 101.8
velocity. 6213.430 2223 3311e-03  117.7
6230723  2.559 5.248e-02 1927
Table A.1. Fel and Fell lines used for atmospheric parameter 6252.555 2.403 1.906e-02 148.9
determination. 6265.130  2.180 2.818e-03  117.5
6322.686 2.588 3.715¢-03  112.0

Element A x V) loggf EW (mA) 6380.743  4.186  4.786e-02 66.6
Fel  5159.058 4283 2239¢-01 967 O aoal sy o N2
SIORTI 2223 724 1254 GHIL6H 3653 218801 1550
5242491 3.634  1.072e-01 1252 ) Sl SISl o

. . . (Ve .
2%33;32? f;gg;‘ ?:8232_85 18133_65 Fel 6430846 2176 9.772e-03  145.8

5315051 4371 3.981e-02 484 o Taae yaege T2

5321.108 4434  6.457¢-02 482 : : 59%e- ~
5367.467 4415 0275e+01 1505 6518.367  2.830 = 5.012¢-03 1020

5373709 4473 1.950e-01 745 T e Tolsee 22

5389.479 4415 5.623e-01 1163 : - O2le- ~

5393.168 3241  1.906e-01  165.4 6591.313 4590 8.511e-03  16.1
5441330 4312 2.630e-02 346 s dasetr S

5445042 4386 0.110e+01 1315 : : -oze- -

5497.516  1.011  1.445¢-03 1765 6597.561 4795 1202¢-01 525

5506.779 0990  1.585¢-03 1735 6608.026  2.280  9.333¢-05 295

5522447 4209 3.981e-02  50.8 6646932 2610 102304 20.6

5531.984 4913  3.467¢-02 207 6703.567 2.760  6918e-04 559

5532747 3573 0.100e-01 773 T e e

. . . c- .

SIS 4S8 410901 1049
5567.391 2.608  2.754e-03 957 O oy 0T ot 0

5569.618 3.417 3.236e-01  169.1 ~ : 995e- -

5576.089 3430 1413e01 1278 7132986 4.076 2455¢-02 533

5584765 3.573  6.761e-03 487 Ferm  5132.657 2807 1.000e-04  51.6
5633.947  4.991  7.586e-01 82.0 6084.099 3.199  1.585¢-04  45.0
5635.823  4.256  1.820e-02 415 6149.246  3.889 1905e-03  67.0

6247.545 3.891 4.571e-03  89.8
Notes. The wavelengths are given in the first column, the lower exci- 6416.921 3.891 2.088e-03 69.0
tation potentials of the transitions (y, eV) and the oscillation strengths 6432.682 2.891 2.630e-04 75.4

(loggf) are given in the second and third columns. The last column
provides the measured equivalent widths (EW, mA) in the spectrum of
OU And.
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