
INTERPRETATION OF THE DATA
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MODE IDENTIFICATION

extraction of frequencies → we need to know what pulsation 
mode gives rise to each frequency 
                             = Mode Identification

Mode identification techniques assign values to the 
discrete spherical harmonic quantum numbers (l, m) of 
each of the detected pulsation modes.

The amount of astrophysical information that can be derived 
from the observed pulsations depends directly on the number 
of successfully identified modes.
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PULSATION CONSTANT

For δ Scuti stars: Pulsation constant, Q

to distinguish if the observed period is a radial fundamental or higher 
overtone mode

fundamental mode: Q = 0.033 d  
first overtone mode: Q = 0.025 d  
second harmonic: Q = 0.021 d  
third harmonic: Q = 0.017d
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Q = P (ρ/ρSun)1/2

Q = -6.454 + log P + 0.5log g + 0.1Mbol + log Teff 

higher radial overtone
= lower Q value

Breger (1979)



ECHELLE DIAGRAM

The echelle diagram was first introduced by Grec (1981). It 
is based on the fact that the low-degree modes are 
essentially equidistant in frequency for a given l. 

The spectrum is cut into pieces of this frequency 
spacing which are stacked on top of each other. Since the 
modes are not truly equidistant in frequency, the echelle 
diagram shows up power as distorted ridges.
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ECHELLE DIAGRAM PLOTS
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Schematic solar frequency spectrum

Δν0 = 135μHz

Graphically: imagine you cut the 
frequency axis in pieces of Δν0 and 
stack them on top of each other



OTHER ECHELLE DIAGRAMS
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Δν0 = 14.4 μHz Δν0 = 13.7 μHz

Example: Pre-main sequence δ Scuti stars
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NOT ALWAYS THAT CLEAR…
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other effects
influence

the pulsations
e.g., rotation, 
accretion (in

young stars), …



METHODS FOR MODE 
IDENTIFICATION

Detection of (regular) frequency (p-modes) or period (g-modes) 
spacings is a comparatively simple way for slow rotating stars

Sun, solar-like oscillators, white dwarfs, few δ Scuti stars
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REGULAR FREQUENCY SPACINGS
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HD 144277 - a δ Scuti star

MOST light curves

Zwintz et al. (2011)



REGULAR FREQUENCY SPACINGS
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HD 144277 - a δ Scuti star

MOST light curves amplitude spectra

Zwintz et al. (2011)



REGULAR FREQUENCY SPACINGS
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HD 144277 - a δ Scuti star

frequency spectrum
Zwintz et al. (2011)



REGULAR FREQUENCY SPACINGS
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HD 144277 - a δ Scuti star

frequency spacings

frequency spectrum
Zwintz et al. (2011)



REGULAR FREQUENCY SPACINGS
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HD 144277 - a δ Scuti star

Zwintz et al. (2013)



METHODS FOR MODE 
IDENTIFICATION

Detection of (regular) frequency (p-modes) or period (g-modes) 
spacings is a comparatively simple way for slow rotating stars

Sun, solar-like oscillators, white dwarfs, few δ Scuti stars

Does not work for
a limited number of modes

no regular patterns 

very dense or complicated (e.g., due to rotation) frequency spectrum

2 possibilities: mode-identification from multi-color time series 
photometry or from line profile variations from time series spectroscopy
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PHOTOMETRIC MODE 
IDENTIFICATION

Stellar pulsations cause changes in temperature and 
geometry over a pulsation cycle

We measure the intensity of the star light through various 
filters, i.e., in a certain wavelength range

Blackbody curves: wavelength dependent effect of the 
temperature variation on the light variability in a pulsator  
 
 

15



PHOTOMETRIC MODE 
IDENTIFICATION

Stellar pulsations cause changes in temperature and 
geometry over a pulsation cycle

We measure the intensity of the star light through various 
filters, i.e., in a certain wavelength range

Blackbody curves: wavelength dependent effect of the 
temperature variation on the light variability in a pulsator  
→ intensity change is larger in the blue than in the red  
→ most pulsating stars have larger photometric variations in 
the blue than in the red
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PHOTOMETRIC MODE 
IDENTIFICATION

Additionally, light variations in different wavelengths depend 
on the geometry of the temperature variations, i.e., on the 
spherical harmonic of the pulsation mode.

Pulsation amplitude and phase are a function of 
wavelength and are affected by the geometry of the 
temperature and cross section changes

Observations of pulsation amplitudes and phases in 
different photometric passbands (=filters) can constrain the 
mode identification.
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PHOTOMETRIC MODE-ID METHOD

for mode-ID: consider only oscillation frequencies that are 
found in all different filters
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B2 β Ceph star F2 γ Dor star



AMPLITUDE DIFFERENCES
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Theoretically predicted amplitude ratios for various 
degrees l

B2 β Ceph star F2 γ Dor star

l=0
l=1

l=1

l=2
l=2
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l=4

l=3

l=4

Comparison with observations allows identification of l
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B2 β Ceph star F2 γ Dor star
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