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Introduction
Magnetic fields in single late-type giants were studied recently in both fast and slow rotating

intermediate-mass stars on the giant branches (Aurière et al. 2008; Konstantinova-Antova et

al. 2009; Aurière et al. 2009; Konstantinova-Antova et al. 2010) thanks to the observations

with the new generation spectropolarimeters NARVAL@TBL and ESPaDOnS@CFHT

(Donati et al. 2006; Aurière 2003) .

Until recently, M giants were not known to host magnetic fields. Nevertheless the theoretical

predictions for dynamo operation on the Asymptotic Giant Branch (AGB), (Soker&Zoabi,

2002; Nordhaus et al. 2008, Brandenburg 2002) the data on magnetic activity in such stars are

sparse and indirect (Huensch et al. 1998; Karovska et al. 2005; Herpin et al. 2006). Recently,

we obtained data with a high accuracy for magnetic fields in the single M giants EK Boo and

beta And (Konstantinova-Antova et al. 2010). Here we present our results on the magnetic

field study of 9 single M giants, and, in addition, first results for Zeeman detected M giants

from our new sample.

Observations and data processing
The observations were performed at the 2-m Bernard Lyot Telescope (TBL),Pic du Midi with NARVAL, a

new generation spectropolarimeter (Auriere 2003) in the period April 2008 - March 2012. NARVAL is a copy

of the instrument ESPaDOnS installed at CFHT (Donati et al. 2006). NARVAL is a fiber-fed echelle

spectrometer allowing the whole spectrum from 370 nm to 1000 nm to be recorded in each exposure, in 40

orders aligned in the CCD frame. NARVAL was used in polarimetric mode with a spectral resolution of about

65000. Stokes I (unpolarised) and Stokes V (circular polarization) parameters were obtained. For each star,

series of 8 to 16 spectra are done for one date. The extraction of the spectra was performed using Libre-

ESpRIT (Donati et al. 1997), a fully automatic reduction package installed at TBL. For the Zeeman analysis,

Least-Squares Deconvolution (LSD, Donati et al. 1997) was applied to all the reduced spectra. In the present

case, the method enables to average several thousand lines to get Stokes I and Stokes V profiles with greatly

improved S/N. The longitudinal magnetic field Bl is computed in Gauss using the first-order moment method

(Donati et al. 1997; Rees&Semel 1979).

The 9 M giants were selected on the basis of their fast rotation (Zamanov et al. 2008) and X-ray emission

(Hunsch et al. 2004). They were observed on snapshot basis since 2008 till end of 2011. For 3 stars, EK Boo,

RZ Ari, and beta And, a regular monitoring of their magnetic field variability was performed.

Results:
For 7 of our 9 M giants a magnetic field was detected. Relevant data are presented in Table 1. For these stars the behavior of the magnetic field is characterized by periods of detection followed by periods of non-

detection. This fact is indicative that magnetic fields are not distributed uniformly at the stellar surface. There are hints for a dependence of |Bl| max on Vsini (Figure 1). The sample stars have a mass between 1 – 4

Msun and are located on the AGB and close to the tip RGB (Konstantinova-Antova et al. 2010).

We also performed Zeeman Doppler Imaging for EK Boo and beta And. However, the rotational periods of these two stars seem to be longer than the calculated ones (no observational data about the period) and we

need more observations to cover them. Bl variability of EK Boo, RZ Ari and beta And is presented in Figures 2,3 and 4, respectively.

Dynamo operation:
On the AGB (i.e. after the He-core burning) intermediate-mass stars have a complex internal structure: inert C/O core, He- and H-burning shells, and a very extended convective envelope. On the early-AGB phase the

second dredge-up takes place and begins when the nuclear fuel is exhausted and the core begins to contract, while the convective envelope expands and cools (e.g. Herwig, 2005). During this phase, we may expect

some dredge-up of angular momentum together of that of chemicals from the faster rotating core. The existence of turbulent motions and fast rotation could result in dynamo action of α - ω type, as described in

Nordhaus et al. (2008).

Could α - ω dynamo explain the magnetic field in these giants? 
The dependence of Bl max on Vsini is in support of such a dynamo being in operation during that evolution phase. More studies of the MF behavior in these stars are required. Maps of the surface MF in M giants 

could give more information about the dynamo type, too.

Turbulent dynamo?
The other possibility for dynamo operation on the AGB is the turbulent dynamo, where the turbulent motions may lead to field amplification and restoration of the poloidal component (Brandenburg, 2002). However,

such a dynamo is expected to be less efficient than the α - ω mechanism on the AGB. Indeed Soker&Zoabi (2002) estimated that in these stars magnetic field can reach value less than 1G only. This is not consistent

with what we observe in EK Boo and RZ Ari.

Conclusion:
We performed a first study for magnetic fields and their variability in 9 single M giants. For 7 of them, magnetic

field is detected and its variability is studied. Our sample unveils a new class of magnetically active stars.

The magnetic field variability (periods of detection followed by periods of non-detection) confirms that there

is a non-uniform surface distribution of the magnetic areas in these stars.

There are hints on dependence of the max |Bl| on Vsini indicating that the dynamo depends on rotation in the M

giants. Further study of the surface magnetic field distribution in selected stars using ZDI could give more

knowledge about the dynamo regime in the advanced evolutionary stages.

Our new sample will answer the question of the percentage of the tip RBG and AGB with magnetic fields.

Magnetic fields in M giants appear to be more frequent than expected!
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Table 1: Data for the observed nine M giants. DD stands for definite

detection, MD – mediate detection, nd – no detection.

Figure 1: Dependence of |Bl|max on Vsini.

Work in progress. Our new sample:
Recently, we have also started the study of a new sample of bright

G,K, M giants (V up to 4mag) in the solar vicinity (up to 40 pc from

the Sun); see Figure 5. Our targets were selected using the catalogue

by Massarotti (2008). The sample includes also tip RGB and early

AGB stars. With this volume limited sample we aim to determine

what is the percentage of giants with magnetic field at the different

evolution phases. Among our 17 tip RGB and early-AGB stars, 7

have been observed up to now and 4 of them are Zeeman detected

(Table 2).

For the tip RGB and AGB single stars, there exists a tendency for

faster rotation, noticed for first time by Zamanov et al. (2008).

Further development of the stellar evolutionary models could be

useful for a better explanation of the reasons for fast rotation and

magnetic activity at these evolutionary stages.

HD Other 
name

Sp 
class

Vsini log Lx Detect. Bl max sigma

km/s Gauss Gauss

130144 EK Boo M5 III 8.5 30.3-31.5 DD -8.10 0.60

6860 β And M0 III 5.6 DD -0.96 0.16

16058 15 Tri M3 III 5.4 30.80 DD 1.19 0.21

18191 RZ Ari M6 III 9.6 DD 13.01 0.33

150450 42 Her M2.5 III 2.5 29.41 nd

167006 V669 Her M3 III 5.2 DD -0.90 0.24

184786 V1743Cyg M5 III 7.8 nd

187372 M2 III 4.4 30.64 MD 0.54 0.34

219734 8 And M2 III 4.9 MD -0.93 0.24

Fig.5: Our new sample G,K and M giants (red

asterics) compared to our previous sample (black

symbols). Stellar evolutionary tracks by

Charbonnel&Lagarde (2010) are used.

Table 2: Detected tip RGB and AGB stars from 

the new sample.

Star Sp 
class

Vsini Detect Bl sigma

km/s Gauss Gauss

εGem M0III 5.9 DD -0.88 0.22

Alphard K3II-
III

8.5 DD 0.32 0.08

δ Vir M3III 6.0 DD 2.16 0.59

β Peg M2.5 
II-III

9.7 DD 3.16 0.26

Fig.4:  Bl variability of  β And. Non-detections 

are designated by 0 and open circles. 

Fig.3: Bl variability of RZ Ari. Non-detections are 

designated by 0 and open circles. 
Fig.2: Bl variability of EK Boo. Non-detections are 

designated by 0 and open circles.


