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Historical summary

g-mode research
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» With helioseismology (early days...):

« Starting in early 80s (see reviews by Hill et al. 1991 & Pallé 1991)
[Delache & Scherrer 1983; Frohlich & Delache 1984; Isaak et al. 1984; Pallé & Roca Cortés 1984...]

» Since 1995: with SoHO and ground-based networks (BiSON & GONG)

Only upper limits (1cm/s at 200 pHz) [Appourchaux et al. 2000; Gabriel et al. 2002]
Some patterns found in GOLF (Candidates > 90 to 98% conf. level)

[Turck-Chiéze et al. 2004; Mathur et al. 2007]

Peak at 220.7 Hz found in VIRGO and GOLF.

v’ Stable during 13 years. Solar origin  [Jiménez & Garcia 2009]
Searching contemporaneous data (BiSON, GOLF, MDI; splitting = 400 nHz)

v Frequentist approach (I=1, n=-4, m=1)

v Bayesian approach (I=2, n=-2, m=2)  [Broomhall et al. 2010]
Searching GOLF data after a new velocity calibration

v Some new g-mode candidates [Poster by G. Grec]
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Looking for global properties

R
» Method: double Fourier analysis
« compute the oscillation
power spectrum (PS1)

Modelled oscillation power spectrum
including modes €=1,2 & 3

PS expressed in period

!\/ _— 80

- 5 Frequency (uHz)

[Garcia et al. 2007]

« Change the x-axis to periods

Lomb-Scargle periodogram j

« 2" gpectrum (PS2) obtained

Period (min)

PS2: Method usually used in asteroseismology to look for the large spacing

[Barban et al. 2009; Garcia et al. 2009; Mosser et al. 2009; Chaplin et al. 2010; Bedding et al. 2010...]
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| Wide & tall ] » Possible fingertips of
structure : « Asymptotic properties of =1
g modes  |garcia et al. 2007]

» Confidence level
>99.5 %

» Increasing the length of
the datasets

* Higher SNR
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» PS2 = amplitude + phase «— using also this information

» Look for the positions of the maximum of the pattern in the BS
* Filter PS2 signal around AP, and its first harmonics
* Perform an inverse Fourier transform (Z;A; sin(21/P;+,

Inverse
Fourier Transform

orrelation with models with different

» Confidence level
Between 3to 5 Q, > 99.99 %
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Astron Astrophys Rev
DOI 10.1007/s00159-009-0027-z [Appourchaux et al. 2010]

REVIEW ARTICLE

The quest for the solar g modes

T. Appourchaux - K. Belkacem - A.-M. Broomhall - W. J. Chaplin -
D. O. Gough - G. Houdek - J. Provost - F. Baudin - P. Boumier -
ASTRONOMY Y. Elsworth - R. A. Garcia - B. N. Andersen - W. Finsterle - C. Frohlich -
AND A. Gabriel - G. Grec - A. Jiménez - A. Kosovichev - T. Sekii -

ASTROPHYSICS T. Toutain - S. Turck-Chieze

6 Discussion and conclusion

At the time of writing, there is indeed a consensus amongst
the authors of this review that there is currently no undisputed detection of solar g
modes.
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Can we see the peaks in the PSD

that are responsible for AP,?




HD181906

2000 3000
Frequency (uHz)

PSPS (a.u.)

» |IF SNR is small
« Difficult to identify any p-mode hump

> PSPS or autocorrelation
« Large separation

Time (h)

[Garcia et al. 2009]
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HD181906

2000 3000
Frequency (uHz)

» |IF SNR is small
« Difficult to identify any p-mode hump

> PSPS or autocorrelation
« Large separation

» To help visualizing p-mode hump
* PSD is smoothed [Garcia et al. 2009]
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4472 days GOLF velocity data.
Verified also using 5163 days (up to 30/5/2010) SoHO-24/ GONG 2010



A step forward in individual ¥}
g-mode search
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4472 days GOLF velocity data. Smoothed by a 16 points boxcar
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A step forward in individual FX%
g-mode search
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Theoretical Frequencies: Model S or Seismic (difference < 0.05 yHz)
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A step forward in individual FX%
g-mode search
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Splitting : 4.5 x Q.4
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X Theoretical frequency

Power spectrum
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m-collapsogram originally developed for imaged instruments.
Consist of shifting each m-component by a quantity proportional

to the splitting and adding all.

Each time a Lorentzian profile is fitted.

The one with the minimum linewidth or maximum likelihood gives

the splitting

[Salabert, Leibacher, Appourchaux & Hill, 2008]
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e PSD, we shift one of them
and we fit a Lorentzian

Window: *1 pHz
Splittings between 0.5 and 7 times Q,_,

Retained peak:
» Fitting with small line-width
> Splitting obtained from the shift
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ov=890 nHz
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Dynamics of the solar core
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>

0/2m (nHz)

DI (€ = 3)
4608 days

-

Radius (r/Rg)

[Eff-Darwich et al., 2008]
[Garcia et al. Poster Low-3]

[Eff-Darwich & Korzennik Poster; Korzennik, Talk]
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Radius ( ?R V)

[Eff-Darwich et al., 2008]

[Garcia et al. Poster Low-3]

DI (€ > 3)

4608 dayS [Eff-Darwich & Korzennik Poster; Korzennik, Talk]
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Inversion of rotation

Adding 5 g modes I=1 (n=-4,-6,-8,-9, -10)

Radius (r/Rg)

>

[Eff-Darwich et al., 2008]

[Garcia et al. Poster Low-3]

DI (€ > 3)

4608 dayS [Eff-Darwich & Korzennik Poster; Korzennik, Talk]
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. SOLAR AND HELIOSPHERIC OBSERVATORY

» Using common asteroseismic methodologies
» We have identified, for the first time, individual I=1 g modes:
« Equidistant in Period (99.99 % confidence level)
» Split in frequency ~900 nHz
* Nearby I=1 predicted frequencies (model S, Saclay Seismic, Nice)

g modes

Ockham’s Principle:

law of parsimony
Pure noise Convection

- “entities should not be multiplied unnecessarily’”.
- “We are to admit no more causes of natural things than such, as are both, true
and sufficient to explain their appearances.”
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