−

−

−

•

•

•

6

8

5

VIR GO Science Prop osal E1

Solar Radius V ariations

Main In v estigator

Co-In v estigators

Ob jectiv es

Rationale

C.F r¨ ohlich

T. App ourchaux, V. Domingo, D. Gough, J. Kuhn, J. Pap, A. Vigouroux

The LOI instrument of the VIRGO exp eriment will pro duce time series of data pro-

p ortional to the p olar and equatorial solar diameters. The oblateness will b e measured

with a precision of ab out 0.1”. The main ob jective of the prop osed research is to de-

tect and measure the amplitude of solar diameter changes and their relation to the

v ariations observed in total solar irradiance. There have b een several theoretical dis-

cussions of how dynamical and thermal mo dulation of the internal structure of the

Sun, including the effect of magnetic fields, b oth visible at the surface and those lin-

gering somewhere inside the convective zone, can lead to changes in the solar radius

and luminosity

. The relative magnitudes of these changes could provide a diagnostic

to ol to estimate the lo cation of the primary mo dulations.

Study of solar radius changes is of fundamental interest to astrophysics. Moreover, it

is likely to increase our understanding of the asso ciated luminosity changes, which is

not only of astrophysical significance but is also p ertinent to the terrestrial climate.

Radius measurements over the last three centuries (b oth ”historical’” and ”mo dern”

measurements) display considerable v ariations. However the basic questions:

whether the observed v ariations have any connection with unknown phenomena

deeply seated within the convective zone; or

with a time-v arying asphericity of the Sun; or

to what degree the observed v ariations are affected by atmospheric effects, such

as the quasi-biennial oscillations, remain still unknown. Theoretical discussions

suggest that the relative amplitude of solar radius v ariations due to convection

is as small as 2x10 . The relative v ariation asso ciated with dynamical oscil-

lations is probably at most 10 p er mo de. The current measuremen ts by the

Astrolab Exp eriment at the CERGA Observ atory (F rance), which started in

1978, indicate that the v ariations in the solar radius can b e of the order of 10 .

×

Prop osed researc h tasks

Resp onsibiliti es and Managemen t

If this observed v ariation corresp onds to the displacement of solar material, it

probably implies that the pro cess causing it lies near the base of the convection

zone, and is not confined solely to the upp er convective b oundary layer.

(1) Comparison of VIRGO measurements with ground-based observ ations in order

to estimate the atmospheric effects and to provide a calibration for ground-based

observ ations. This could improv e the accuracy of long-term radius observ ations. F ur-

themore, those measuremen ts will provide the first continuous monitoring (allowing

maxim um signal/noise ratio for short time scales) which could b e compared to the

CERGA Astrolab e Exp eriment.

(2) Estimation of the contribution of solar active regions close to the lim b to the

observed radius changes. F or this purp ose, the MDI data: lim b profile and flux

budget will b e included into the analysis. The goal of this research effort is to remov e

the signals arising from the effect of solar active regions to make sure that the p ossible

diameter changes are not related to solar activity features. F or this purp ose, the LOI

images will b e compared to the MDI high resolution (1024 1024) filtergrams taken

near the 676.8 nm Ni I sp ectral line.

(3) Study the phase relations b etween the solar radius measurements and other solar

activity parameters, such as the magnetic flux, solar total and sp ectral irradiance, and

low degree p-mo de frequencies in order to study the sign b etween these parameters.

F ormer studies have shown, for example, that the radius and the low degree p-mo de

frequencies are anti-correlated, suggesting the p ossibilty that dynamical pro cesses

detected in the upp er solar layers are closely related with p erturbations inside the

Sun.

T o study the relation b etween solar radius and irradiance as well as v ariations in

the solar magnetic flux, we shall apply the same technique (wavelet analysis) that has

b een used for studying radius changes observed from the ground. W avelet analysis

allows one to separate efficiently the short-term v ariations from the long-term ones,

and it also will b e used as a time-frequency analysis to search for p erio dicities of 27,

300, 1000 days.

C. F r¨ ohlich will b e resp onsible for the overall managemen t. T. App ourchaux will b e

resp onsible for providing the radius data sets corrected and calibrated for instrument

effects. J.Pap will participate in the analysis of solar active regions (sp ots, facu-

lae, network) and their effect. A.Vigouroux will participate in comparing the LOI

measurements with ground-based radius data. She also will participate in the data

analysis and comparison of the radius changes with solar irradiance as a collab orative

effort with C. F r¨ ohlich and J. Pap. C. F r¨ ohlich, D. Gough and J. Kuhn will b e in

charge for the theoretical interpretation of the results.