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4 IRAP, Université de Toulouse, CNRS, Observatoire Midi Pyrénés, 57 Avenue d’Azereix,

65008 Tarbes, France
renada@astro.bas.bg

(Review, Submitted on 25.06.2024; Accepted on 08.07.2024)

Abstract. During the last decade and a half, the new generation spectropolarimeter Narval
at Pic du Midi, France allowed the study of weak magnetic fields in cool giant stars that are
fairly evolved after main sequence. We present a short summary on the recent knowledge on
the magnetic fields and activity in giants situated in the upper right part of the Hertzsprung-
Russel (H–R) diagram and discuss on the possible mechanisms for magnetic field generation
in the asymptotic giants branch (AGB) and post-AGB stars.
Key words: magnetic activity AGB post-AGB stars

Introduction

When a star evolves after the main sequence, it expands. A convective enve-
lope begins to develop in intermediate mass stars, and in low-mass stars the
existing one deepens toward the stellar core. The stars ascending the red gi-
ant branch (RBG) possess vigorous convection in a deep convective envelope.
Their internal structure is a complex one, consisting of a hydrogen burning
shell and a contracting core. After the star reaches the tip of the RGB, the
He-burning follows. Later on, after the He–burning phase, the star continues
to climb up and right on the Herzsprung-Russel (H–R) diagram, on the asymp-
totic giant branch (AGB) and its structure becomes even more complex, with
hydrogen and helium burning shells and contracting core.

During the course of evolution, at certain phases additional angular mo-
mentum as a result of core-envelope interaction or eventual planet engulfment
could speed up the stellar rotation and operation of an α - ω dynamo could
become possible there (Schröder & Konstantinova-Antova, 2022). Also, when
the star crosses the instability strip, pulsations begin to occur in its envelope
and propagate trough the atmosphere. They could compress the existing weak
magnetic field (MF) at certain phases of the pulsation.

We present here the first findings on how all these structural changes in
tip-RGB, AGB and post-AGB stars are related with their magnetic fields
and activity. This knowledge is based on more than 15 years of study of the
magnetic fields and activity in such stars in the framework of a Bulgarian-
French collaboration using the spectropolarimeter Narval at TBL, Pic du Midi,
France (Aurière, 2003) and the Least Square Deconvolution (LSD) method
(Donati et al., 1997), that enabled detection of weak magnetic fields of the
order of 1 G and below in cool stars, as a result of averaging more than 10 000
absorption lines in their spectrum.
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1 First studies of magnetic field in tip-RGB and AGB stars.
Discovery of the second magnetic strip on the H-R diagram
where α − ω dynamo operates.

Until a decade ago, magnetic fields in evolved giants situated at the tip of
the RGB, AGB and beyond on the H–R diagram were poorly studied. Some
suspicions that M giants could be magnetically active appeared in Hünsch et
al. (1998) on the basis of enhanced X-ray emission in four M giants. Herpin
et al. (2009) found evidence for a MF in the circumstellar envelopes of four
AGB stars on the basis of IRAM-30m observations. From a theoretical point
of view, Soker (2000), Soker & Zoabi (2002), Brandenburg & Blackman (2002)
and Nordhaus et al. (2008) predicted that magnetic dynamo of different types
could operate in AGB stars.

We started our study with a sample of 9 apparently single M giants selected
for their faster rotation and/or X-ray emission in 2008. The first Zeeman-
detected M giant is EK Boo = HD 130144, a fast rotator (V sin i = 8.5 km s−1)
with an unusual X-ray emission. A longitudinal magnetic field (Bl, the mag-
netic field component projected along the line of sight) reaching up to 8 G
was measured for it (Konstantinova-Antova et al., 2010). Later on, 6 more
M giants from this sample were also Zeeman-detected and weak magnetic
fields of the order of 1 G were measured for them with one exception, the M5
giant RZ Ari, which possesses a magnetic field even stronger than EK Boo
(Konstantinova-Antova et al., 2013). All these objects are tip-RGB or AGB
stars (Konstantinova-Antova et al., 2010). An interesting fact for them is that
their magnetic field was not easily detected, because they display both periods
of detection and periods of non-detection, contrary to the magnetic G and K
giants, that begin to climb the red giant branch (RGB) or those in the He-
burning phase (Aurière et al., 2015). A typical example of a star exhibiting
alternating periods of detection and non-detection is EK Boo. Its long-term
MF and activity indicators behavior is presented in Figure 1 (Georgiev et al.,
2020). In this figure, different symbols represent the different levels of magnetic
field detection based on a reduced χ2 test calculated from the LSD profiles as
described in (Donati et al., 1997). The results of this test are converted into a
False Alarm Probability (FAP), based on which three different levels of detec-
tion are introduced: definite detection (DD, FAP < 10−4), marginal detection
(MD, 10−2 > FAP > 10−4) and no detection (ND, FAP > 10−2. These
periods of MF detection and non-detection in the studied M giants could be
a result of the convective cells lifetime (Freytag et al., 2017). These cells are
believed to be the transporter of the magnetic field.

However, this first sample is a biased one and cannot answer the question
of what percentage of the tip-RGB and AGB stars are magnetically active.
For this purpose we decided to study all such stars up to 4th magnitude
in V-band in the Solar vicinity which are not binaries and are available for
observations at Pic du Midi observatory, France. We limited the brightness
up to 4th magnitude because we wanted to be able to perform a deep study,
down to 0.2 G accuracy. In this way, we studied 17 tip-RGB and AGB stars
and about 60 percent of them were Zeeman-detected (Konstantinova-Antova
et al., 2014). Weak magnetic fields of a few Gauss and even at the sub-gauss
level were detected for them. It appeared that all these stars form a strip on
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Fig. 1. Longitudinal magnetic field Bl and line activity indicators variability in EK Boo.
Periods of MF detection and non-detection are visible (filled and open symbols, respectively).
Radial velocity long-term variation indicates for a companion at a distant orbit. Such one is
not visible in the stellar spectrum and is likely a dwarf. Figure from Georgiev et al. (2020).

the H–R diagram which we called second magnetic strip (Figure 2). The first
magnetic strip is observed in G and K giants, situated at the base of the RGB
and in the He-burning phase (Aurière et al., 2015). Later on, Charbonnel et
al. (2017) show with evolutionary models that a dynamo of the α − ω type
could be the explanation for the M giants clumping in a strip (and earlier,
in the first magnetic strip for the G and K giants situated at the base of the
RGB and the He-burning phase). They found that these areas on the H–R
diagram are favorable for the α− ω dynamo, because of the conditions in the
convective envelopes, in combination with the stellar rotation that enable a
Rossby number, Ro (Ro = Prot/τconv, where Prot is the rotation period of the
star and τconv is the convective turnover time) less than one there and, hence,
an efficient action for this type of dynamo.

2 Cool giants with magnetic activity outside the magnetic
strips

Besides the case of α − ω dynamo operation in giants situated in the first
and second magnetic strips and depending mostly on rotation and the convec-
tive envelope properties (like the convective turnover time, τconv), a few fairly
evolved giants outside the magnetic strips were found. These are mostly AGB
and post-AGB stars with a magnetic field of a few Gauss. Their magnetic field
cannot be explained by the α−ω dynamo, because of the big Rossby number,
Ro. A different type of dynamo, or even different mechanism for the magnetic
field production, could operate in these giants.
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Fig. 2. Situation of the Zeeman detected giants from Solar vicinity sample on the H-R
diagram. Longitudinal magnetic field Bl strength is designated by symbols with different size.
Open circles designate stars with no detection. Dashed lines mark the first dredge-up phase.
Colors stand for the maximal convective turnover time at each point of the evolutionary
tracks. Figure from Konstantinova-Antova et al. (2014). The locus of the second ”magnetic
strip” is designated by an ellipse.
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2.1 Pulsating magnetic giants

Some AGB and post-AGB stars are known to exhibit radial pulsations, which
generate strong shockwaves - mechanical waves with velocities larger than the
sound velocity in the given medium. These shockwaves propagate through the
stellar atmosphere, causing a sharp change in temperature, pressure and den-
sity at the shock front. As the shock propagates, it creates complex ballistic
motions in its host environment, causing different layers to move with differ-
ent velocities and in different directions with respect to the stellar restframe,
which in turn affects the spectral lines that form there. Layers affected by
the shock are initially caused to move away from the photosphere and to-
wards the observer, resulting in blueshifted (with respect to the restframe of
the star) spectral lines; after sufficient amount of time has passed since the
shock’s appearance, these same layers then begin to fall ballistically towards
the photosphere and away from the observer, resulting in redshifted spectral
lines.

The first detection of a surface magnetic field as a result of shockwave
propagation was in a Mira star (in the AGB evolutionary stage) was reported
by Lèbre et al. (2014). They measured a longitudinal magnetic field Bl of
2-3 G for the star χ Cyg from spectropolarimetric observations with Narval.
Lèbre et al. (2014) found that in χ Cyg, the circularly polarized signatures
found in the LSD profiles obtained from high resolution spectra of the star are
clearly associated to the blue lobe of the atomic spectral lines, i.e. are being
accelerated by the shockwave. From this observation, the authors concluded
that the shockwaves propagating in the atmospheres of Mira stars may be
locally amplifying the weak surface magnetic field already present in the af-
fected atmospheric layers. An example is shown in Figure 3 (from Lèbre et al.
2014), where the LSD profile of an observation of χ Cyg near maximum light
is displayed, and it can be seen that the Stokes V profile is clearly associated
to the blueshifted lobe, which is related to the matter affected by the shock.

Later, Sabin et al. (2015) reported the first detections of a weak magnetic
field in two pulsating post-AGB stars, R Sct and U Mon. Lèbre et al. (2015)
found indications of the same connection between the observed surface mag-
netic field and the atmospheric dynamics in R Sct, which is a pulsating variable
of the RV Tau type. The authors observed R Sct in circular polarization with
Narval and discovered that when circularly polarized profiles were present in
the LSD spectrum of the star, they were always associated to the blue lobe of
the intensity profile, as in χ Cyg.

To investigate the hypothesis of a connection between the atmospheric dy-
namics and surface magnetism in pulsating post-AGB stars, Georgiev et al.
(2023) present the longest monitoring of the pulsating variable star R Sct done
using high resolution spectropolarimetry. The authors analyze observations of
R Sct obtained with Narval on 67 different nights in the period between July
2014 and August 2019, of which 31 observations contain Stokes V measure-
ments that allow studying the surface magnetic field. The authors confirm the
stellar and Zeeman origin of the observed circularly polarized profiles, and
show that their timescale of variation is similar to that of the atmospheric
dynamics. Using a new approach for the calculation of LSD profiles for this
star, Georgiev et al. (2023) constrain the LSD analysis to the lowest parts of
the stellar atmosphere and are able to study the longitudinal magnetic field
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Fig. 3. LSD profile of χ Cyg, computed from Narval observations taken in March 2012.
From bottom to top, the three panels in the figure show the intensity profile (Stokes I), the
diagnostic null profile and the circularly polarized profile (Stokes V ). It can be seen that the
signal in the Stokes V profile is clearly associated to the blue wing of the intensity profile.
Figure from Lèbre et al. (2014).
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at the level of the photosphere, where the shock is just emerging. The authors
found that for all observations where the LSD Stokes I profile displays a dou-
ble peak (indicating that the atmosphere is strongly affected by a shockwave),
the Stokes V signature, if present, is associated to the blue intensity lobe in
radial velocity space.

In Figure 4 (from Georgiev et al. 2023), the temporal evolution of Bl of
R Sct between 2014 and 2019 is presented together with the visual lightcurve
(from AAVSO). In this figure, it can be seen that the surface magnetic field
varies with time. However, there is no clear correlation between the field
strength and the photometric phase of the star, suggesting that the variabil-
ity observed in the longitudinal magnetic field is not entirely caused by the
propagation of shockwaves and the resulting local amplification of the surface
magnetic field, but also by a variable and non-homogeneous magnetic structure
at the surface level of R Sct.
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Fig. 4. Temporal evolution of the longitudinal component of the magnetic field Bl(t) (upper
panel) and lightcurve (bottom panel) of R Sct. In the upper panel, the different symbols
represent the different types of detections, described in Section 1. The red vertical lines in
the bottom panel indicate the time of Narval observations that contain Stokes V measure-
ments, and the red star indicates the date considered as the start of reference period P0 (see
Section 2.1 of Georgiev et al. 2023). The dashed vertical red lines indicate the approximate
beginning and end of the irregular part of the lightcurve. Figure and caption adapted from
Georgiev et al. (2023)

2.2 The role of planet engulfment for magnetic field generation

When a star expands during the giant stages, its radius could reach the orbit
of an eventual planet and cause the planet to be engulfed. As a result, an
increase of the rotation rate of the star and change in its chemical composition
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(especially Lithium) occurs. The first idea of the result of planet engulfment
in cool giants is presented in Siess & Livio (1999). Later, more studies were
presented by different authors, among them the detailed models by Privitera
(2016) and Privitera et al. (2016a,b) who modeled the rotation rate from the
base of the RGB up to the AGB for stars of different mass in the case of planet
engulfment. According to them, after this event the giants should rotate faster
for some interval of time. The degree to which the rotation speeds up depends
on the mass and orbital momentum of the engulfed companion, a planet or
brown dwarf, and also on the mass of the star. Since for each star the planetary
orbits are situated at different distances, the engulfment could occur at any
different evolutionary stage on the giant branches. Hence, the type of dynamo
and its efficiency depend on the properties of the convective envelope and the
rotation there. In the case where the Rossby number is less than 1, operation of
the α−ω dynamo is possible. Otherwise, other types of dynamo could operate
there, like the α2

−ω one, or the turbulent dynamo (which does not depend on
the rotation). The strength of the magnetic field depends on the dynamo type.
For example, it was shown by Soker & Zoabi (2002) that the turbulent dynamo
could produce a surface magnetic field of the order of one Gauss in cool giants.
In any case, our experience up to now shows that the most effective dynamo in
evolved cool giants is the α − ω dynamo (Schröder & Konstantinova-Antova,
2022). The loci on the H–R diagram where this type dynamo operates are
shown in Konstantinova-Antova et al. (2014) and in Aurière et al. (2015) and
are supported by the theoretical models in Charbonnel et al. (2017). They
explain the so-called first and second magnetic strips on the giant branches
with the convective envelope properties, namely the large convective turnover
time. Together with the rotation in intermediate mass stars in these strips
on the H–R diagram, these values of τconv yield a Rossby number less than 1
and hence, conditions for an efficient α − ω dynamo action. If a giant inside
a magnetic strip engulfed a planet, it will gain additional rotation and will
appear as an extremely magnetically active star. However, a gain of angular
momentum could also come from the inside during the dredge-up phases at
the bottom of the RGB and after the He-burning, i.e. early-AGB (Schröder &
Konstantinova-Antova, 2022). Hence, M-giants with faster rotation and strong
magnetic field that are outside the second magnetic strip could indicate for a
planet engulfment episode.

A typical example for magnetic activity triggered by planet engulfment is
the M5 giant RZ Ari (Konstantinova-Antova et al., 2024). It seems to be a
single early AGB star outside the second magnetic strip (Figure 5). What is
unusual in this star is its faster rotation (V sin i = 6km s−1, Prot = 530 days)
and higher Lithium content (A(Li) = 1.2) that could not be explained by the
theory of stellar evolution. A variable surface magnetic field on the order of a
few Gauss up to 14 Gauss was Zeeman detected. It could not be explained in
the term of α − ω dynamo, because the Rossby number is of the order of 20.
However, a different type of dynamo, like α2

−ω which is efficient for Ro larger
than 1 could operate there. These results are also in a good agreement with the
models for planet engulfment by Privitera et al. (2016a). Nevertheless, RZ Ari
is a semiregular pulsating star with a secondary period of about 480 days,
and no relation between the pulsations and the magnetic field was found. The
situation is similar in two other magnetic giants, EK Boo and β Peg (Georgiev
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et al., 2020). RZ Ari was also studied in search for the presence of large con-
vective cells, because of the long periods in the magnetic field and photometric
datasets of about 1200 days that could not be explained by rotational modu-
lation (Konstantinova-Antova et al., 2024). No evidence for linear polarization
was found in this star in 2015 when clear Zeeman detections and magnetic
field of a few Gauss were observed. In the future, interferometry could shed
more light on the surface structure and the existence of large convective cells.
In any case, if large convective cells exist in RZ Ari, an eventual local dynamo
is not the dominant reason for the magnetic field and observed activity in this
giant (Konstantinova-Antova et al., 2024).

Fig. 5. Situation of RZ Ari on the H–R diagram. Colors stand for the convective turnover
time at each point of the evolutionary tracks. Figure from Konstantinova-Antova et al.
(2024). The locus of the second ”magnetic strip” is designated by an ellipse.
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Another giant candidate for planet engulfment is IRAS 125567731 (Alcalá
et al., 2011), where planet engulfment is also suspected to cause its relatively
fast rotation and high lithium content. However, its magnetic field and activity
are not yet studied.

3. The global picture. Conclusions.

After more than a decade and a half of studies of the magnetic field in giants
after the He-burning phase, two main mechanisms for the magnetic activity
are evident: 1) dynamo of different types and 2) compression of a weak mag-
netic field as a result of shockwave propagation during pulsation. The dynamo
should be initiated due to different reasons: evolutionary (the second mag-
netic strip) as it is in the models for the convective envelope and rotation, and
Ro by Charbonnel et al. (2017), or by the event of a planet engulfment that
speeds up the surface rotation and could also initiate a dynamo. Since the
engulfment could happen anywhere on the H–R diagram, the easiest way to
find such stars is to look for magnetic giants outside the magnetic strips. Such
a giant is already found – RZ Ari. It also has a high Lithium abundance in
support of the planet engulfment hypothesis. While in the case of the second
magnetic strip an α− ω dynamo is possible, outside the strips (both the first
and the second one) different kinds of dynamo could operate, depending on
the properties of the convective envelope and the orbital momentum gained
from the engulfed planet.

On the other hand, strong shocks during pulsations could compress the
existing weak magnetic field. As a result, a magnetic field of a few Gauss is ob-
served in some pulsating Mira-type stars (Lèbre et al., 2014) and in post-AGB
stars (Sabin et al., 2015; Georgiev et al., 2023). No magnetic field compression
is observed in the studied early AGB stars (see Sect. 2.2). Perhaps the shock-
waves are not sufficiently strong there. The absence of linear polarization in
the spectra of β Peg and RZ Ari, two semi-regular pulsating variables, is also
in support of this assumption (Georgiev et al., 2020; Konstantinova-Antova et
al., 2024).

It remains unclear, however, if a local dynamo like the one operating in
Betelgeuse (Mathias et al., 2018) could operate in these intermediate mass
AGB and post-AGB stars. Large convective cells are observed in the 2 M⊙

AGB star π1 Gru by means of interferometry (Paladini et al., 2018). However,
in our spectropolarimetric studies we do not detect linear polarization in the
few AGB stars we observed. In the case of RZ Ari, the star from our selection
studied in the most detail, simultaneous linear and circular polarization ob-
servations in 2015 did not confirm a local dynamo operation. However, long
periods of the order of 1200 days exist in the magnetic field and in the pho-
tometry datasets (Konstantinova-Antova et al., 2024). These periods could be
explained by the lifetime of giant convective cells, according to (Freytag et
al., 2017). If large convective cells exist in these giants, then we can assume
that they are not as large as in the supergiant Betelgeuse, and so if a local
dynamo does operate there, it is of smaller efficiency and does not dominate
the magnetic field we detect. In the future, interferometric observations of
these giants could reveal their surface structure. Further interferometric and
spectropolarimetric studies are highly desired.
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Further studies could expand or modify this first knowledge on the mech-
anisms for MF and activity in ABG and post-AGB stars and their magnetic
properties. However, such studies will take a decade or even more. Neverthe-
less, they deserve the efforts, because the magnetic activity in these stars is
poorly studied and the results discussed above are just the beginning of an
exiting new era in magnetism in fairly evolved stars.
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Alcalá J. M., Biazzo K., Covino E., Frasca A., Bedin L. R., 2011, A&A, 531,
L12. doi:10.1051/0004-6361/201117174

Aurière M., 2003, in Magnetism and Activity of the Sun and Stars, eds. J.
Arnaud, & N. Meunier, EAS Publ. Ser., 9, 105

Aurière M., Konstantinova-Antova R., Charbonnel C., Wade G. A., Tsvetkova
S., Petit P., Dintrans B., et al., 2015, A&A, 574, A90. doi:10.1051/0004-
6361/201424579

Brandenburg A., Blackman E. G., 2002, ESASP, 2, 805
Charbonnel C., Decressin T., Lagarde N., Gallet F., Palacios A., Aurière M.,
Konstantinova-Antova R., et al., 2017, A&A, 605, A102. doi:10.1051/0004-
6361/201526724

Donati J.-F., Semel M., Carter B., et al. 1997, MNRAS, 291, 658
Freytag, B., Liljegren, S., Hfner, S. 2017, A&A 600, 137
Georgiev S., Konstantinova-Antova R., Lèbre A., Aurière M., Charbonnel C.,
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