VIR GO Science Prop osal E4

T otal solar and sp ectral irradiance v ariabi li t y

related to solar magnetic activit y

Main In v estigator

Co-In v estigators

Ob jectiv es

Scien tific rationale

J.M.Pap

T. App ourchaux, G.A. Chapman, D. Crommelync k, C. F r¨ ohlich, R. Helizon, T. Ho ek-

sema, J. Kuhn, J. Romero, P

. Scherrer, R. Ulrich, C. W ehrli

The SOHO/VIRGO exp erimen t will provide measuremen ts of solar irradiance in the

entire sp ectrum and at v arious wavelengths. The PMO6-V and DIARAD active cavity

radiometers will p erform measuremen ts of total solar irradiance. The solar sp ectral

irradiance will b e measured by three-channel SunPhotometers (SPM) at 402, 500 and

862 nm. The main ob jective of the prop osed research is to (1) incorp orate the VIRGO

data into the long-term high precision total irradiance database maintained for climate

studies; (2) study the influence of solar active regions and large- scale structures on

total solar and sp ectral irradiance on time scales of days through the mission’s life-

time; and (3) to determine the contribution of sp ectral irradiance changes to the

v ariations observed in the entire solar sp ectrum. In addition to understanding the

underlying physical mechanism of solar irradiance v ariations, our goal is to develop

mo dels of b oth total and sp ectral irradiances (near-UV, visible and infrared) to study

and understand the climate impact of solar v ariability .

Synoptic observ ations of total irradiance from space within the last one and half

decades led to the discovery of changes in the total solar energy flux from minutes

to the 11-year solar cycle. Although considerable information exists ab out v ariations

in total irradiance, the underlying physical mechanisms are not well understo o d as

yet. One of the outstanding problems in studying irradiance changes is the lack of

adequate quantitative physical mo dels. Therefore, empirical mo dels, using full disk

surrogates, are used to study and predict the changes in total irradiance. However,

the current mo dels do not fully explain the observed irradiance changes during solar

maxim um . In addition, considerable remaining v ariability exists in total irradiance

after removing the effect of sunsp ots and bright magnetic features over a broad range

of p erio ds. It is not clear whether this residual v ariability is caused by additional

effects, such as large scale structures, radius changes and/or temp erature changes.

Prop osed researc h tasks

T ask 1: Sep ar ate r e al solar signals in solar total and sp e ctr al irr adianc e fr om in-

strumental effe cts.

T ask 2: Study the ener gy budget of active r e gions.

T ask 3: Study the effe ct of sunsp ots and faculae on total solar and sp e ctr al irr adi-

anc e as a function of their helio gr aphic c o or dinates (longitude and latitude).

Although studying solar irradiance in near-UV, visible, and infrared wavelengths is

imp ortant for b oth solar and atmospheric physics, no information has b een gathered

until now on the v ariations in these wavelengths b ecause of excessive instrument

degradation.

The main goal of the prop osed research is to identify and characterize the physical

prop erties the v arious comp onents of the changes observed in solar total and sp ec-

tral irradiances. Since the VIRGO instruments will observe the Sun as a star, high

resolution spatially resolved data will b e required to study the observed v ariations

in detail. F or this purp ose, we will use the images taken by the LOI and SOI/MDI

and these space images will b e compared and calibrated with high resolution solar

images taken from ground-based observ atories (Mt. Wilson Observ atory

, National

Solar Observ atory at Sac Peak, San F ernando Observ atory at Northridge).

A recently develop ed statistical metho d: the Singular Sp ectrum

Analysis (SSA) will b e applied as an additional to ol for separating instrumental noise

from real solar signals. SSA gives adaptive sp ectral filters asso ciated with the domi-

nant oscillations of the system and clarifies the noise characteristic of the data. This

metho d will enable us to study and mo del the former v ariations in great detail and

isolate the part of irradiance changes of the greatest interest. Contribution of v arious

comp onents of the sp ectral irradiance changes to the v ariations in total irradiance

will b e studied as well.

The main goal of this effort is to

study the phase difference b etween irradiance deficits related to sunsp ots and excess

flux asso ciated with faculae. These studies will help to identify the physical mec ha-

nism of the re-radiation of the missing energy in the sunsp ot-related irradiance dips,

namely we exp ect to clarify whether the missing energy is stored in the convectiv e

zone or there is a simple re-distribution of solar energy as the active regions evolve

and move across the solar disk. This research task will include the classification of

sunsp ots and plages due to their evolution using the high resolution images and the

flux budget and line depth parameters from MDI and ground-based observ atories.

F ormer

studies indicate that the most complex active regions tend to b e separated 180 degrees

apart, this problem will b e addressed during the prop osed investigation. Study of the

latitude dep endence of active regions may help to clarify the degree of irradiance

changes related to active regions and to large-scale structures and/or temp erature

changes. Since a phase-shift has b een recognized b etween the full disk solar magnetic

flux and solar total and UV irradiances at the b eginning of the rising p ortion of solar

cycle 22, a detailed comparison of irradiance v alues with high resolution solar im-

ages and magnetic maps will b e carried out. These investigations will give a b etter

Resp onsibiliti es and Managemen t understanding of the underlying physical pro cesses inside the Sun (solar dynamo).

Supp orting ground-based observ ations: (1) Observ ations at the san F ernando Ob-

serv atory

, California State University at Northridge by the Cartesian F ull Disk T ele-

scop es at 672.3 and 472 nm for observing sunsp ot characteristics and at 393.3 nm for

observing plage characteristics; (2) Precision Solar Photometric T elescop es (PSPT)

at the National Solar Observ atory at sacramento Peak that will provide full-disk,

broad-band photometric observ ations of sunsp ots and bright magnetic features; (3)

On-going routine CaI I K-line observ ations at Sac Peak and Big Bear Solar Obser-

v atories. Current observ ations at the Mt. Wilson Solar Observ atory generate daily

sp ot, plage and quiet-Sun indices based on magnetic field strengths and areas. The

current synoptic Mt. Wilson data also include spatially resolved magnetograms taken

simultaneously in F eI 525 nm and CrI I 523.7 nm lines.

Supp orting space observ ations: (1) high resolution solar images from SOI/MDI;

(2) Data from LOI on VIRGO.

The prop osed research will b e a collab orative effort b etween the VIRGO and MDI

teams as well as participating ground-based observ atories. The generation of the

PMO6-V and DIARAD total irradiance will b e the resp onsibility of J. Romero and

D. Crommelynck. R. Helizon and J. Pap will help to incorp orate of the VIRGO

data into the long-term irradiance database via the mutual intercomparison of the

ACRIM and the prop osed DBSIM total irradiance data. The generation of the SPM

sp ectral irradiance data will b e the resp onsibility of C. W ehrli. J. Pap will b e resp on-

sible for the overall integrity and management of the prop osed research. Analysis of

solar images will b e carried out with P

. Scherrer, T. Ho eksema, G. Chapman, and

J. Kuhn based on state-of-the-art automated image pro cessing technique currently

under development. Study of the evolutionary effects and mo delling efforts as well

as application of SSA will b e the resp onsibility of J. Pap in collab oration with C.

F rohlich and R. Ulric h.