
Variation of Oscillation Mode Parameters over the Solar Cycle 23:  

An Analysis on Different Time Scales 
S. C. Tripathy, Kiran Jain, John W. Leibacher and Frank Hill

GONG, National Solar Observatory, Tucson, USA

Figure 6: The temporal evolution of the four mode parameters described in Fig 5. The upper panels show

the variation corresponding to a single multiplet while the bottom panels show the average values over all

the multiplets present in each set. Different colors indicate different length of the time series and are marked

in the left panels.
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MOTIVATION

Observations show that the mode frequencies change with the solar cycle and

the correlation between the frequencies and solar activity measured by different

proxies is phase-dependent. It is also speculated that the correlation between

frequency and activity depends on the length of the observations due to the finite

lifetime of the modes. Thus it is important to compare the correlation between

other mode parameters and activity proxies to understand the relation between

them. With this objective, we analyze the GONG data by splitting it into

segments of length 9, 36, 72 and 108 days and correlate the derived mode

parameters with different activity indicators.

DATA AND ANALYSIS

ÁThe data covers a period of more than 11 years between May 7, 1995 and

August 31, 2007.

ÁThe results for the frequencies, line widths, mode power, mode energy and the

energy supply rate in the frequency (ɜ) range between 1500 and 3500 ɛHzand

degree (ǎ)range between 20 and 150 are presented.

ÁThe mean frequency shifts are calculated by weighting the individual mode

shifts by mode mass and the inverse of the errors.

ÁOther mode parameters are weighted by the mode inertia.

Variation of mode frequencies and their relation with solar activity 

Figure 1: The left panel shows the error-weighted mean frequency shifts obtained from 19

common modes present in all time segments. The middle panel shows the mean shifts

corresponding to a single mode (n=8, ǎ=72) and also the variation in mean solar activity

represented by 10.7 cm radio flux (F10). The right panel depicts the mean frequency shift as a

function of 10.7 cm radio flux for the same mode. The solid lines in this panel denote the linear fits

to the radio flux measurements. The vertical lines on the upper left-hand corner of right panel

shows 1-ůerrors. The colors in each of the panels denote different time samples as marked in

the right panel.

Figure 2: The linear correlation

coefficient between the mean frequency

shifts and four different activity indices

(marked in the bottom right panel) for

four different multiplets as a function of

different time segments.

Figure 3: Variation of the slopes

obtained from linear fits between mean

frequency shifts and different activity

indicators for four different multiplets as

a function of the correlation between

the same two parameters.

Figure 4: Left panel shows the variation of the slopes obtained from the linear fit

between mean frequencies and 10.7 cm radio flux as a function of the correlation

between the same two parameters. Each point denotes a single multiplet which

is present in all time segments. The right panel shows the slopes as a function of

the inner turning point. The modes which are present in all time samples have an

inner turning point half-way between the tachocline and solar surface. The colors

in each of the panel denotes different time segments.

Variation of  mode excitation and damping parameters

Figure 5: Observed mode power (v2), mode width (ũ),

mode energy (E) and energy supply rate (dE/dt) as a

function of frequency averaged over all the multiplets.

The colors indicate different temporal duration and are

marked in the upper left panel.

SUMMARY

VThe slope and correlation coefficient obtained from individual multiplets  increases with length of the time 

segments. Further, the slopes are well correlated with the correlation coefficients. However, the slopes 

obtained from the mean frequency shifts over all the modes show an opposite behavior i.e. the slopes are 

higher for shorter time segments.  

VThe mode parameters derived from 9-day time segments are distinctly different when averaged over all 

modes while for individual multiplets, the mode power and energy derived from 9-day segments blends with 

those from other time segments.  

VThe correlation between mode parameters and activity indices is complex and has a different behavior 

for different mode sets and time segments. 
Figure 7: Variation of the slopes obtained from the linear

fit between the mode power (left panel), mode energy

(right panel) and 10.7 cm radio flux as a function of the

correlation between the same two parameters. Filled

symbols in each panel denote a single multiplet which is

present in all time segments. The open symbols

correspond to the average value over all modes.

Different colors indicate different time segments.
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