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Introduction
In the past,  M giants weren't known to possess 
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
    The observations were performed at the 2-m Bernard Lyot 
Telescope (TBL),Pic du Midi with NARVAL, a new generation 
spectropolarimeter (Auriere 2003). NARVAL is a copy of the instrument 
ESPaDOnS installed at the 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. 
   



Our first sample M giants

The M giants were selected on the basis of their faster rotation (Zamanov et al. 
2008) and X-ray emission (Hunsch et al. 2004). These  stars were observed 
since 2008 till end of 2011, most of the observations are under OPTICON 
programs. Data for them are presented in the Table below.

    Star       Other Name  Sp class  vsini     log Lx      Detection          Bl max     σ                     
                            
                                                        km/s                                            G              G  
     
HD130144 EK Boo           M5III       8.5     30.30-31.50   DD             -8.10         0.60     
HD6860     beta And         M0III       5.6                           DD             -0.95         0.16
HD16058   15 Tri              M3III       5.4        30.80          DD              1.19         0.21
HD18191    RZ Ari            M6III       9.6                           DD              13.01       0.33           
HD150450  42 Her           M2.5III     2.5       29.41           nd              
HD167006  V669 Her       M3III        5.2                          DD             -0.90         0.24
HD184786  V1743 Cyg    M5III        7.8                           nd                
HD187372                        M2III        4.4       30.64          MD              0.54         0.34                
HD219734   8 And            M2III        4.9                          MD             -0.93         0.24



Dependence |Bl| max - Vsini



Long-term variability



Evolutionary stage
      The evolutionary status 

was determined on the basis 
of the available data in the 
literature for Teff (Perrin et 
al. 1998; Dyck et al. 1998), 
parallax from Hipparcos, BC 
from Buzzoni (2010), and 
assuming solar chemical 
composition. Evolutionary 
tracks by Charbonnel 
&Lagarde (2010) were used.

       All studied M giants are 
situated near the tip of the 
RGB  or on the AGB. They 
have mass in the interval 1-4 
Msol. EK Boo appeared 
about 3 Msol and  β And is of 
about 2 Msol.



Lithium in the sample giants
(Drake et al., in preparation)
HD167006, log e(Li)= 0.14



Dynamo operation and its origin
A star of about 3 solar masses and at the evolutionary stage of AGB, i.e. 
after the He-core burning, has a complex internal structure: C/O core, 
He-shell, H-shell and a large convective envelope. In the early AGB 
phase the second dredge-up takes place. Dredge-up begins when the 
nuclear fuel in the core is exhausted and the core begins to contract. In 
the same time, the envelope expands and cools. Convective mixing 
begins (Herwig, 2005). The core contraction leads to its fast rotation. It is 
possible during this phase, together with the chemicals, fast rotating 
material to be dredged-up. 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 such a dynamo explain the magnetic field in these giants? 
The dependence of Bl max on Vsini is in support for such a dynamo in 
operation there. 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 
play main role for the field amplification and restoration 
of the poloidal component (Brandenburg, 2002). 
However, such a dynamo is less efficient than the α - ω 
one on the AGB. 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.



Our plans for the future

 Our sample of 9 M giants is selected on the basis on faster 
rotation and/or X-ray emission. Up to now, 7 of them were 
Zeeman detected, that is an indication that magnetic fields 
are more frequent among stars at this evolutionary stage, 
than expected.  
Our monitoring program during last 5 years found that 
magnetic fields are not distributed at their surface uniformly: 
periods of detection follow periods of non-detection. There is 
also a dependence of the MF strength on Vsini, indicative for 
dynamo of α – ω type. Our further plans are for mapping their 
surface structure, that could contribute for a better 
understanding about the dynamo type there.

 



The new sample

Recently, we have also started a study of a new sample of 49 bright 
G,K, M giants (V up to 4mag) in the solar vicinity (up to 40 pc 
from the Sun). They are selected using the catalogue by Massarotti 
(2008). This sample includes 17 tip RGB and early AGB stars. 
With this volume limited sample we aim to understand which is the 
percentage of giants with magnetic field at the giant branches. 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.



Our new sample G,K and M giants (red 
asterics) compared to our previous sample 
(black symbols). Evolutionary tracks from 

Charbonnel&Lagarde, 2010.



Detected M giants from the new sample

  Tip RGB and early AGB stars: 17

   7 giants observed up to now. 4 are Zeeman 
detected:

Star            Sp class    vsini   Detect.    Bl     sigma

                                    km/s                     G      G

eps Gem     M0III          5.9     DD        -0.88  0.22

Alphard       K3II-III       8.5     DD          0.32  0.08

delta Vir      M3III         6.0     DD          2.16  0.59

beta Peg     M2.5II-III    9.7    DD          3.16  0.26



Summary
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. 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 which is the percent of the tip 
RBG and AGB with magnetic fields. 

Magnetic fields in M giants appeared more frequent than 
expected. A new class magnetic stars is unveiled!

.



Further development of the evolutionary 
models

New generation stellar 
models including rotation and 
thermohaline mixing
Lagarde et al. 
(2012, A&A, 543, A108) 



New generation stellar models 
Charbonnel, Decressin, Lagarde, Aurière, Konstantinova-Antova (in preparation)

t conv =α
Hp

v conv 
(local, at a distance of Hp/2 from the base of the CE)

Ro=
P

t conv 



G and K giants with known periods



New generation stellar models – Global asteroseismic quantities
Lagarde, Decressin, Charbonnel, et al. (2012, A&A, 543, A108)

Subgiant and RGB

Clump and early-AGB



Magnetic fields in supergiants.
1. Betelgeuse, sp. class M2I

(Bedecarrax, Petit et al., 2012, CS17)
The data set, constituted of circularly polarized (Stokes V) 
and intensity (Stokes I) spectra, was collected between 2010 
And 2012 using the spectropolarimeters Narval and Espadons.



2. Grunhut, Wade et al.: Current Results
Breakdown:
-  68 Stars
-  10 A-type
-  15 F-type
-  21 G-type
-  15 K-type
-  7 M-type

Detections:
- 20 Stars
-  0 A-type 

(0%)
-  4 F-type 

(27%)
-  8 G-type 

(38%)
-  6 K-type 

(40%)
-  2 M-type 

(29%)

Gray’s (1989) Granulation 
Boundary

30-40% Detection Rate



Circular polarization 
(Stokes V) 

Zeeman signatures!



Conclusion
Magnetic fields in evolved single late-type stars appeared more 
frequent than expected. 

Our first sample (60stars): detection rate ~50% for G, K giants 
and >70% for M giants! Note, however, it is a biased one: stars 
were selected for their activity signatures and/or fast rotation.

One and the same dynamo operates in dwarfs and giants?

Special cases: Ap star descendants

Our new sample is expected to answer the question does every 
single giant possess magnetic field at about solar level. What is 
the reason for fast rotation in M giants? The answer could come 
from the asteroseismology. Firs results are promicing.

Supergiants: detection rate 30-40%. Few large convective cells, 
local dynamo



Thank you for the attention!
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