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Magnetic field - pulsation: 



Magnetic field - pulsation: 

Equation of motion:



Magnetic field - pulsation: 

Equation of motion in the presence of a rotation and 
magnetic field:



Magnetic field - pulsation: 

Coriolis force Centrifugal force

Equation of motion in the presence of a rotation and 
magnetic field:

Lorence force



Magnetic field - pulsation: 
Linearization:

Rotation effects (first order):

Rotation effects (second order):

Magnetic field effects (second order):

where
L - describes the linear, adiabatic oscillations without 

rotation and magnetic  field.



Oblique pulsator model



Oblique pulsator model

l=0



Oblique pulsator model

l=0

Quintuplet in the oscillation spectrum



Oblique  pulsator  model

l=0



Oblique pulsator model

l=1



Oblique pulsator model

l=1

Septuplet in the oscillation spectrum



Oblique  pulsator  model

l=1



Oblique  pulsator  model
l=2



Oblique  pulsator  model
l=2

Nonuplet in the oscillation spectrum



Ap stars
Chemically peculiar A-type Stars

•Non-Ap stars do not have  surface magnetic fields (Shorlin

et al. 2002, Bagnulo  et al. 2006)

•All Ap stars do posses  surface magnetic fields (Auriere et al. 

2007) 



roAp stars: 
Rapidly oscillating Ap Stars can be found near the classical 

instability strip, close to the δ Scuti stars. These stars are of 

spectral type A or F with a peculiar chemical composition of the 

outer layers caused by atomic diffusion.  roAp stars were

discovered by Kurtz (1982).

Light variation of roAp stars is caused by pulsations in high-order  

magneto-acoustic modes, which are driven in the hydrogen 

ionisation region. Many modes show frequency multiplets

interpreted as being caused by a rotational amplitude modulation. 

Typical pulsation periods are in the range of 5-22 min and 

the amplitudes are usually lower than 6 mmag. Radial 

velocity variations are smaller than 5000 ms-1.



roAp stars: 

roAp stars exhibit strong abundance anomalies (especially of 

rare earth elements). The abundances are non-uniform in both 

directions: horizontal (spots) and vertical (stratification) .The 

global magnetic fields has a typical strength several kG. 



roAp stars: 

In roAp stars magnetic effect dominates over the rotation effect. 

The oscillation symmetric axis coincides with the magnetic axis 

which is inclined to the rotational axis (the oblique pulsator 

model, Stibbs 1950, Kurtz 1982).



roAp stars: 

Rotation connected with the oscillation alongside with the 

magnetic field symmetric axis causes splitting of the single 

frequency peak in the power spectrum into 2l+5 components.  



roAp stars: 

The relative amplitudes of a multiplet components depend on 

different properties of a star. It means that the observations of 

the fine structure of the oscillation frequencies can be used as a 

diagnosis of the rotation and internal magnetic field.  In this 

sense, the observations of roAp stars open a new aspect of 

asteroseismology.



roAp stars: HR 1217 

The first discovered roAp star was HR 1217 (Kurtz 1982). It was 

a target of a lot of observations (including multi-site campaigns)

The star is one of the coolest known Ap star. It is also relatively 

close to the Sun (~50 pc, Hipparcos parallax)



roAp stars: HR 1217 



roAp stars: HR 1217 



roAp stars: HR 1217 

Prot=12.46 d 

i=137˚
β=150˚



roAp stars: HR 1217 
The lines are presented 

in the order that their 

line-forming layers occur 

in the atmosphere. Thus 

this figure clearly shows 

the increasing pulsation 

amplitude with height and 

the phase shift to later 

times of pulsation 

maximum with height, 

hence an outwardly 

running wave component 

to the pulsation



roAp stars

• determination of magnetic field geometry

• inference the upper atmospheric properties at levels that 

cannot be observed in any star but the Sun.

• directly resolve the radial nodes in the atmosphere and 

demonstrated the depth structure of the pulsation and of the 

stratified abundances of the elements



MiMeS (Magnetism in Massive Stars, (Wade et al.
2014, 2016)
BinaMIcS (Binarity and Magnetic Interactions in various 
classes of stars, Alecian et al. 2015)

BOB (B fields in OB stars, Morel et al. 2014, 2015, Hubrig et 

al. 2014, 2015, Fossati et al. 2015, Schöller et al. 2017)

BRITE spectropolarimetric survey (Neiner et al. 2014, 2016)

B-type main sequence pulsators



Known pulsating B-type stars with magnetic fields:

•β Cep (Shibahashi & Aerts 2000, Henrichs et al. 2013)

•ξ1 CMi (Shultz et al. 2017)

•V2052 Oph (Briquet et al. 2012, Handler et al. 2012)

•HD 96446 (Jarvinen et al. 2017)

•β CMa (Fossati et al. 2015)

•HD 43317 (Buysschaert et al. 2017)

B-type main sequence pulsators



β Cep

B-type main sequence pulsators



B-type main sequence pulsators
β Cep



B-type main sequence pulsators

Vrotsini = 25 km/s

Prot= 6 d

i ≈ 30˚

β≈100˚

β Cep



B-type main sequence pulsators



B-type main sequence pulsators

Vrotsini = 27 km/s

Prot= 12 d

i ≈ 60˚

β≈96˚

β Cep



HD 96446

•β Cep type pulsations (Neiner et al. 2012)

B-type main sequence pulsators



HD 96446

<|B|>=3.9±0.25 kG

Vrotsini = 3 km/s

Prot= 23.4 d

i ≈ 18±15˚

β≈40±25˚

B-type main sequence pulsators



B-type main sequence pulsators



HD 43317 

β Cep/SPB pulsator (Pápics et al. 2012, Buysschaert et al. 2017)

Surface magnetic field ≈1-1.5 kG

B-type main sequence pulsators



Oscillating Red Giants

The oscillations of red giant stars are driven by turbulent motions 

in the outer convective envelope.



Oscillating Red Giants



Oscillating Red Giants

Some stars exhibit unexpectedly small amplitudes of the dipole 

modes (about 20% of pulsating red giants). Also, it was noticed 

that the higher the νmax the lower the amplitudes of the dipole 

modes. No clear correlations with stellar parameters were found, 

although a lower limit on the mass seems to exist at about 1.1Msun



Oscillating Red Giants



Oscillating Red Giants



Oscillating Red Giants
KIC 8561221

l=0 - black dot

l=1 – blue dashed

l=2 – red dot dashed

l=3 – pink dot dashed



Oscillating Red Giants
KIC 8561221



Oscillating Red Giants



Oscillating Red Giants



Oscillating Red Giants



Oscillating Red Giants

At which the Alfvén speed becomes larger than the radial group 

velocity of gravity waves.



Oscillating Red Giants



Oscillating Red Giants



Oscillating Red Giants



Summary

• Magnetic fields have been found in many different types of 

stars, i.e. Ap, Red Giants, B-type stars.

• Some magnetic stars pulsate, which gives a possibility of 

deriving constrains inaccessible in other ways.   

• In general, the pulsation-magnetic fields interaction is very 

complicated.

• Long term spectropolarimetric observations are needed in 

order to characterize the stellar magnetic field.

•Long term photometric and spectroscopic observations are 

needed in order to characterize the stellar oscillations 


