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Motivation

The total solar irradiance (TSI) is known to vary on

two time-scales, associated to rotation (from minutes
to months) and to the solar cycle (11 yr). The amplitude
of both variations is approximately 0.1%
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The short-timescale variations of TSI, are mostly
related to the passage of active regions (spots and
faculae) on the solar disk



The long-timescale variation of the TSI, that also
involves the observed frequency spectrum, is still unknown
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The cause of the long-timescale variations, in phase
with the solar activity cycle, is still controversial

Effects of the Changes in the solar

surface features luminosity, due to
structural changes

The structural changes involve the entire convection
zone, so thay can have long timescale components for
climate change

These long-timescale components are difficult to detect,
due to the instrument degradation in energy flux-type
measurements

Structural changes would be dominant for climate



A possible origin of the structural variations might be
associated to the solar magnetic field

The solar dynamo models assume an initial poloidal
configuration, which gradually develops a toroidal
component in the tachocline layer, due to the
differential rotation

A variable magnetic field modifies the pressure, the
infernal energy and the energy transfer, thus
affecting the solar interior

The presence of a variable magnetic field would thus
change all the global solar parameters: luminosity,
radius and effective temperature



Simultaneous observations

of all global parameters %
physical model of

the variations
Helioseismological

validation

Radius is a powerful diagnostic of internal processes.
Sofia et al. (1979) suggested that any change in the
solar luminosity L must be accompanied by a change in
the radius R: the key quantity is W=dInR/dInL

Ground-based measurements give results that are
incompatible with each other. Partial results from SDS
indicate that radius changes in opposite phase with the
activity cycle



How we model the effects of a magnetic field in
a stellar structure? (Lydon & Sofia 1995)
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Magnetic

Energy density | x, =
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* Total pressure & the EOS
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* The variation of the entropy
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* The Schwarzschild criterium for radiative stability
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* The convective flux
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* Convective velocities
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* Radiative losses
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Li & Sofia (2001) investigated the effects of a variable
magnetic field on the structure and luminosity changes
of a 1D solar model
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The deeper is the magnetic field, the larger is the
maghitude required to produce a given luminosity change
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Turbulence

Li et al. (2002) studied the effects of turbulence on the
solar structure and P-mode oscillation frequencies
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A turbulent velocity
field is characterized
by the degree of
anisotropy
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Limitations of the 1D modelling

* The 1D treatment imposes unrealistic restrictions to
the configuration of the dynamo field (only shellular
fields possible!) and to the internal solar dynamics. The
real Sun is multidimensional.

* In the 1D approach the energy flux can only reach the
surface by penetrating the magnetic field, whereas we
know that in case that a toroidal component is present
the energy flow can also circumvemt the field

* Correct and complete interpretation of Picard data
(particularly the measurement of the radius and the
photospheric asimmetry) demands at least a 2D
approach



Li et al. (2006) developed a fully 2D evolution code to
describe the solar structure. their physical formulation
was further refined and improved by Li et al. (2009)

The physical scheme used is based on the equipotential
surfaces of ®, that enters the Poisson equation

Mass m inside an

_—7 equipotential
Two independent variables e

Colatitude 0O

This choice fixes a one-to-one relationship between
m and @, and implicitly assumes azimuthal simmetry

Each equipotential surface o
is characterized by an Pn="7 f 2 (r,9) p(r,9)sen9dd
average density p, R




2D effects

The gravitational acceleration is not purely radial
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The energy flux also has a transverse component
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Full set of differential equations
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Still to be done ...
Determine from PICARD data W=dInR/dInL

The limb profile will test the model atmosphere, and
separate the effects of possible profile variations (both
in latitude and time) from diameter changes.

We will allow us to separate internal variations (determined
from photospheric temperature and diameter) from surface
magnetic effects.

* Modelling turbulence-magnetic field interaction
* Include sophisticated atmosphere

* Determine the value of W



